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A NOTE ON ESTIMATES OF THE RATE OF DEVELOP- 
MENT OF METASTASIS IN PATIENTS WITH 
CANCER OF THE BREAST 


ALEXANDER G. GILLIAM, M.D., Bethesda, Maryland 


N a recent consideration of ‘The Abso- 
lute Curability of Cancer of the Breast,”’ 
Park and Lees present data showing the 
percentages of patients in whom axillary 

metastasis was demonstrated at operations 
performed in successive intervals following 
onset of symptoms.! These data, taken from 
Table II of that article, are given here in 
Table I. It is observed that axillary metastasis 
was demonstrated in 60 per cent of those 
examined in the first month of symptoms. In 
intervals subsequent to 1 month this propor- 
tion, with some irregularities, gradually in- 
creased and was 75 per cent in those examined 
12 months after onset. The numbers of pa- 
tients available in individual later intervals 
are small, but the average for those examined 
from 13 to 60+ months after onset is also 75 
per cent. 

Park and Lees formalize these data in a re- 
gression equation which is plotted in Figure r. 
They conclude from this that: “(a) About 60 
per cent of patients with diagnosed cancer of 
the breast have microscopically detectable 
axillary metastases at the time of onset of 
symptoms. (b) There is an increase in the in- 


From the National Cancer Institute, National Institutes of 
Health, U. S. Public Health Service, Federal Security Agency, 
Bethesda, Md. 

1The well known difficulty of arriving at a reliable estimate of 
the onset of symptoms is unimportant to Park and Lees’ argu- 
ment, or to that followed here. 
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cidence of such metastases with increased dur- 
ation of the tumor after onset of symptoms. 
This increase is of the order of 12 to 15 per 
cent over the first 3 years. (c) About 20 to 
30 per cent of patients with diagnosed cancer 
of the breast do not develop axillary metas- 
tases within 3 years of onset of symptoms.” 

It is the purpose of this note to raise ques- 
tions concerning the validity of these con- 
clusions and to present alternative estimates 
of the rate of development of metastasis in 
this series of patients. 

If this group represented cases discovered 
through routine physical examination, it would 
be entirely proper to assume that increases in 
the percentage with metastasis in succeeding 
intervals from onset actually reflected pro- 
gression of disease. This, however, is not so. 
As a group, these patients sought care for 
illness and, if the presenting symptoms were 
similar to those in the series of Haagensen and 
Stout, the illness was related to abnormal signs 
in the breast. Under these conditions and in 
view of the well known clinical progression of 
cancer of the breast, it is entirely reasonable 
to believe that a group of patients with me- 
tastasis is more likely to have signs and symp- 
toms which will induce them to seek care than 
would exist in a group without metastasis. 

Implicit in the significance attached by 
Park and Lees to their regression equation is 
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Fig. 1. Three estimates of the percentage of patients with 
axillary metastasis in successive intervals after onset of 
symptoms. (For the assumptions on which estimates are 
based, see text.) Abscissa indicates number of months 
after onset of symptoms; ordinate indicates percentage of 
patients with axillary metastasis. 





the assumption, that in respect of metastasis, 
their patients entered observation at random. 
This assumption would be valid only if the 
concomitants of progression of disease, as im- 
plied by the existence of metastasis, were in no 
way related to the patients’ appearance for 
diagnosis and treatment. This hardly seems 
realistic. A more reasonable assumption would 
appear to be that the symptoms and signs 
generally found in a group of patients with 
metastasis are of the kind which induce wom- 
en to seek medical care for their disease. Un- 
der this assumption, Park and Lees’ data do 
not measure the increment of metastasis in 
intervals following onset but merely indicate 
that in from 60 to 75 per cent of patients me- 
tastasis is in fact intimately associated with 
the clinical factors which induce women to 
seek medical aid. 

It is unfortunately not possible to measure 
directly the increment of metastasis through 
analysis of clinical material of this kind. The 
percentage actually observed with metastasis 
in the first month refers only to those patients 
examined in that month. It is thus unlikely 
to represent the true percentage with metas- 
tasis then since it leaves out of consideration 
the bulk of patients in a series who also pass 
through this interval but do not come in for 
examination until later. The true status of the 
latter patients is of course unknown until the 
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TABLE I.—BREAST CANCER PATIENTS DEMON- 
STRATING AXILLARY METASTASIS AT OPER- 
ATIONS PERFORMED IN SEVERAL MONTHLY 
INTERVALS FOLLOWING ONSET OF SYMP- 


















































TOMS* 

Duration of|No.ofpatients|No.ofpatients} Total No. | Per cent with 
symptoms,| with metas- | without me- | examined in | demonstrated 
months tasis tastasis interval metastasis 

o- 1 88 61 149 59.1t 4.0 
eo 89 47 136 65.4 4.1 
ae. 61 31 92 66.3+ 4.9 
-4 24 22 46 90.8 74 
- 6 80 44 124 64.5 4.3 
-9 28 10 38 73:94 7-2 

12 72 24 96 75.04 4.4 

13-18 20 8 28 71.4+ 8.5 

19-24 37 12 49 75.5 6.1 

25-36 12 5 17 70.6411.1 

37-60 17 3 20 85.0+ 8.0 
60+ 14 5 19 73-7£10.1 

Total | 542 272 814 66.6+ 5.2 














*Data from Park and Lees (6), Table II. 


time they are actually examined. Any esti- 
mate made of their status in the first month, 
from data such as these, therefore involves 
assumptions.’ The assumption implicit in 
Park and Lees’ estimate is hardly consistent 
with what is known of the general clinical 
progression of disease in patients with cancer 
of the breast. 

A minimum increment of metastasis in 
intervals following onset may be estimated 
from these data on the assumption that pa- 
tients observed with metastasis in any in- 
terval actually developed it in that interval. 
Under this assumption, for example, the 72 
patients out of 96 examined between the 
tenth and thirteenth month after onset (Table 
I) did not have metastasis at the end of the 
ninth month but developed it in the interval in 
which they were examined. Computations of 
the true rate of metastasis in all 814 patients 
in this series, on the basis of this assumption, 
are given in Table II and the data are plotted 
in Figure 1. Under this assumption, the mini- 
mum possible proportion with metastasis in 


1The same considerations applied here to Park and Lees’ dis- 
cussion of metastasis in relation to duration of symptoms are 
aiso applicable to their analysis of data with regard to size of 
tumor and metastasis. 
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TABLE II.—CALCULATION OF MINIMUM PERCENTAGE! OF ALL 814 CASES WITH METASTASIS 
IN EACH INTERVAL AFTER ONSET OF SYMPTOMS 










































































No. of patients No. of patients examined ’ 
Duration (onset with symptoms in each interval Proportion Proportion | Percentage of orig-| Percentage of orig- 
of symptoms to | hut not e xamined, developing without metas- inal 814 cases inal 814 cases 
examination), at beginning of ; metastasis dur- tasis during jwithout metastases| with metastases at 
months intecvall With Without ing interval! interval! at end of interval | end of interval 
metastases metastases 

(x) (x) (Wx1) (Wx) (p) (q) (100qx°Gx+I) | [100(1-Gx-dx+1)] 
o- I 814 88 61 -1081 .8919 89.19 10.81 
2 065 89 47 . 1438 8562 76.36 23.64 
- 3 529 61 | 31 . 1153 .8847 67.56 32.44 
-4 437 24 | 22 0549 9451 63.85 36.15 
=6 391 80 44 . 2046 -7954 50.79 49.21 
-9 267 28 10 1049 . 8951 45.46 54.54 
12 229 72 24 -3144 -6856 31.17 68.83 
13-18 133 20 8 .1§04 .8496 26.48 73-52 
19-24 105 37 12 +3524 -6476 17.15 82.85 
25-36 56 12 5 . 2143 - 7857 13.47 86.53 
37-60 39 17 3 4358 - 5642 7.60 93.40 
60+ 19 14 5 7368 . 2632 | 2.00 98.00 

Total (814) 542 272 




















1Minimum percentage with metastasis is that occurring on the assumption that those with metastasis developed it during period in which they 
were examined, and hence were free of metastasis prior to that period. Computation also assumes that those without metastasis subsequently devel- 


oped it at same rate as those in whom it was demonstrated. 


the first month after onset is only 11 per cent, 
or 88 out of all 814 patients, rather than the 
60 per cent estimate of Park and Lees. 

The maximum possible increment of metas- 
tasis may be computed on the assumptions, 
(a) that all 542 patients in whom it was ob- 
served actually developed it in the first month, 
and (b) that the remainder were not treated, 
remained under observation, and developed 
metastasis in the interval following that in 
which no metastasis was demonstrated. These 
computations are not shown but the results 
are also plotted in Figure 1. 

It appears likely that the érve increment of 
metastasis, in intervals following onset of 
symptoms, lies somewhere between the maxi- 
ma and minima! plotted in Figure 1. Exami- 
nation of this figure shows that the maximum 
estimate corresponds to Park and Lees’ esti- 
mate only in the interval of less than 1 month 
after onset of symptoms. The minimum ap- 


'The estimated minimum does not cover the possibility that a 
larger proportion of the 272 patients might never have developed 
metastasis. In this case the minimum given in Figure 1 is too 
high for the later intervals since it assumes that the 272 patients 
would have dev eloped metastasis at the same rate as calculated 
for those in whom it was observed. 


proximates their estimate at the twelfth 
month. 

The assumptions on which the minimum 
proportions are computed would appear to be 
reasonable when the intervals are of 3 or more 
months’ duration; that is between onset and 
3 months, and for the plotted intervals there- 
after. They appear particularly appropriate 
since such a large proportion of patients are 
observed to have metastasis when they finally 
appear for definitive treatment. If this is cor- 
rect, then, about 30 per cent? of the tumors in 
this series metastasized rapidly. This figure, 
however, is dependent upon the validity of 
the stated assumptions, and an appropriate 
means of testing these assumptions is desirable. 
It appears, nevertheless, to be more realistic 
than Park and Lees’ estimate of 60 per cent. 

The vital general questions raised by Park 
and Lees and, previously, on the basis of dif- 


2Two hundred thirty-eight (63.1 per cent) of the 377 patients 
presenting themselves for treatment in the first 3 months had 
demonstrable metastasis, but these 238 are only 29.2 per cent of 
all 814 who might have been diagnosed during that interval if 
they had had compelling clinical or other reasons for seeking 
medical care. The contention here is that the clinical progression 
of disease, which is generally associated with metastasis, provided 
the compelling reason in from 60 to 75 per cent of the patients. 
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ferent kinds of evidence, by McKinnon(3,4, 5), 
and by MacDonald, resolve themselves into the 
critical basic question of the true proportion 
of rapidly growing or metastasizing tumors in 
any representative series of cases of cancer of 
the breast. The fact that such tumors exist is 
evident in any clinical series. It is also obvious 
that there will be fewer of them in a large 
group of patients without metastasis than 
could exist in a group with metastasis. It 
must be emphasized, however, that their true 
proportion cannot be measured directly from 
data of this kind. Any proportion arrived at is 
an estimate at best, and as such involves as- 
sumptions. As a consequence, the merit of any 
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estimate is directly dependent upon the gen- 


eral validity of the assumptions made. 
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CANCER OF THE BREAST 


Analysis of Frequency, Distribution, and Mortality at 


the University of California Hospital, 


1918 to 1947, Inclusive 


MICHAEL B. SHIMKIN, M.D., ESCHECHOLTZIA L. LUCIA, Ph.D., ROBERT S. STONE, M.D., 
and H. GLENN BELL, M.D., F.A.C.S., San Francisco, California 


ANCER of the breast in women in 
the United States has the highest 
prevalence rate of any form of neo- 
plastic disease in either sex (7). It 
has been stated (16) that more articles have 
appeared on the subject of cancer of the breast 
than any other single regional form of cancer. 

The general acceptance in the major clinical 
centers of the radical dissection of the breast 
devised by Halsted and by Willy Meyer has 
led to a systemization of the surgical treat- 
ment of mammary cancer for the past half 
century. The limitations of the operations 
were recognized with experience, leading to a 
clearer delineation of the operable and non- 
operable cases (12). This resulted in more 
rigorous selection of cases considered eligible 
for the radical mastectomy, and a consequent 
improvement in 5 year survival rates among 
patients undergoing the operation. 

The role of radiation in the treatment of 
carcinoma of the breast is a controversial 
topic. Some improvement in the 5 year sur- 
vival rates has been claimed through the use 
of postoperative x-ray therapy, particularly 
when such therapy has been given in doses 
above 2,000 roentgens to patients with axillary 
lymph node involvement {15). The general 
opinion in most clinical centers in the United 
States is expressed by Haagensen, that “criti- 
cal evaluation of the evidence at hand does not 
give radiation any substantial place in the 
curative attack on carcinoma of the breast. 
Although it is widely used as a supplement to 
surgery, its value has not been proved.” 


From the Laboratory of Experimental Oncology, National 
Cancer Institute, National Institutes of Health, Public Health 
Service, Federal Security Agency and the Division of Medicine, 
Cancer Research Institute, Division of Radiology, Division of 
Surgery, University of California School of Medicine, San Fran- 
cisco, California. 
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Comparisons of survival in cancer of the 
breast, particularly when such comparisons 
are attempted between different centers, en- 
counter a number of difficulties. The lack of a 
commonly accepted method of clinical staging 
of the disease, such as is available for carcino- 
ma of the uterine cervix, precludes determina- 
tions of the distribution of the populations in 
respect to the extent of the disease. The re- 
sults of treatment usually relate to a particu- 
lar type of treatment, with the degree of selec- 
tion of individual cases and the criteria of 
such selection not being given. The methods 
of presenting the data vary widely, particu- 
larly in regard to untraced cases, and the 
analyses seldom include determinations of sta- 
tistical variance and tests for statistical signi- 
ficance of differences. 

In order to provide a base-line for subse- 
quent studies and comparisons, a review! was 
made of the incidence, distribution, and mor- 
tality among female patients with primary 
carcinoma of the breast recorded at the Uni- 
versity of California Hospital and Clinics dur- 
ing the 30 year period 1918 to 1947, inclusive. 
Emphasis was placed upon the statistical 
analysis of three interrelated topics: (a) ex- 
amination of the fotal data for homogeneity, 
in order to ascertain whether cases observed 
during earlier years are similar to cases ob- 
served during more recent years, (b) examina- 

1The results reported here are the work of the surgical staff 
of the University Hospital, represented during the past 30 years 
primarily by W. I. Terry, E. I. Bartlett, H. G. Bell, H. H. Searls, 
L. Goldman, and H. J. McCorkle, and of the radiotherapists, 
primarily R. S. Stone and B. V. A. Low-Beer. The follow-up 
of the cases is essentially the devoted work of Elinor F. Wells. 
We have been assisted by the staffs of the Record Room, under 
Martha A. Buck, and of the General Tumor Registry, particu- 
larly Helen Ferris and Katherine C. Oppermann. 

Portions of the data analyzed in this study have been pub- 


lished previously from somewhat different viewpoints by Bartlett 
and by Bell. 
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TABLE I.—DISTRIBUTION OF CASES BY STAGES 
OF THE DISEASE AND BY CHRONOLOGIC 
PERIODS 









































Stage of disease at admission* 

Period Total 
— I II III IV a 
No. No. No. No. 

1918-1924 26 (1) 42 (1) 24 (2) 2 (0) 94 (4) 
1925-1929} 46 (1) 36 (2) 27 (0) 16 (1) 125 (4) 
1930-1934] 33 (4) 34 (0) 46 (1) 23 (2) 136 (7) 
1935-1939} 56 (2) 61 (1) 75 (0) 33 (1) 225 (4) 
1940-1944] 119 (6) 97 (6) 78 (4) 25 (0) 319 (16) 
1945-1947] 54 (2) 29 (0) 64 (7) to (0) 157 (9) 

Total 334 (16) | 299 (10) | 314 (14) 109 (4) 1056 (44) 





*Numbers in parentheses are bilateral cases (44 patients) 


tion of data relative to age and delay, and the 
relationship of these factors to survival, and 
(c) examination of survival at yearly periods 
by stage of the disease and by type of treat- 
ment. 
MATERIALS AND DEFINITIONS 

All records on all patients with cancer of 
the breast recorded at the University of Cali- 
fornia Hospital and Clinics during the years 
1918 to 1947, inclusive, were personally exam- 
ined. The data from the records, including 
follow-up, were transcribed on punch-cards. 

The records of 1,056 female patients with 
primary carcinoma of the breast were used for 
analysis. Patients with other neoplastic dis- 
ease of the breast, such as sarcoma, were not 
included. Male patients were not included. 
Some 264 women with recurrent carcinoma of 
the breast were excluded. The following 
groups, comprising 95 patients, were also ex- 
cluded from consideration: 45 patients on a 
“come and go” status, who had no unit rec- 


TABLE II.—PATHOLOGY AND 
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ords or other information at the hospital; 45 
patients who were treated elsewhere and were 
merely followed at later periods at the hospi- 
tal; and 5 patients who had one visit, without 
biopsy or treatment, who were referred else- 
where for medical care. 

The material, as summarized in Table I, 
was analyzed on the basis of the following 
definitions. 

1. Diagnosis. Positive pathologic diagnosis 
of carcinoma of the breast, based on biopsy of 
the primary lesion or a metastasis, was the chief 
criterion of diagnosis. Of 1,056 cases, 992 had 
such evidence during the course of the illness, 
a 94 per cent pathologic verification. As given 
in Table II, 64 cases were accepted without 
pathologic proof. This was done on the basis 
of unequivocal clinical and/or roentgeno- 
graphic evidence; all but 2 of these patients 
had advanced, metastatic disease. 

2. Age at onset, delay, and treatment. The 
date of the first sign or symptom attributable 
to subsequently established carcinoma of the 
breast, noted by the patient or a physician, 
was taken as the apparent time of onset. The 
age at that time was equal to the age at 
admission less the delay period, and was re- 
corded in 1,038 of the 1,056 cases. The delay 
period was recorded separately in months as 
units. In patients with bilateral carcinoma, 
the involvement of the first breast was used 
for the determination of the age at onset and 
delay. The age at admission to the hospital or 
clinic coincides in almost all cases with the age 
at treatment. In determining survival after 
treatment, the period in months after opera- 
tion was used for all patients who underwent 
surgical removal of the breast. In patients 


LOCATION OF LESION 























Pathology Side of lesion* Location of lesion 
No. of cases No. of cases No. of cases 
Stage gg 
Verified wm. : d Right Left Unknown Bi ame = Unknown 
I 334 333 I 171 163 = 199 95 15 25 
II 299 298 I ISI 148 —- 188 68 20 23 
Ill 314 300 14 135 178 I 168 61 25 60 
IV 109 61 48 52 | 55 2 41 12 2 54 
Total 1056 902 64 509 | 544 3 506 236 62 162 
































*Bilateral cases were tabulated in respect to first tumor noted. 
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with advanced disease treated with x-ray 
therapy alone, or those receiving palliation or 
no treatment, survival was calculated from the 
date of first admission for the breast condition. 
3. Stage of disease. The records were evalu- 
ated by one medical examiner. On the basis 
of available clinical and pathology evidence 
recorded at the time of diagnosis and pre- 
sented in the unit record, the cases were classi- 
fied into four stages according to the criteria 
proposed by Portmann. Stage I represents 
cases with cancer localized to the breast, with- 
out involvement of the skin or lymph nodes, 
or attachment to deeper structures. Stage II 
includes’similar cases, but with some axillary 
lymph node involvement. Stage III includes 
cases with skin involvement, satellite tumors, 
fixed tumors, and extensive axillary lymph 
node involvement. Stage IV consists of cases 
with evidence of distant metastases. 
Bilateral carcinomas of the breast were in- 
cluded in the staging, but considered as single 
patient entities for purposes of analysis. For 
example, a patient with stage I disease who 
subsequently developed stage II carcinoma of 
the other breast was retained in the stage I 
group. Patients with simultaneous bilateral 
mammary cancer were placed in stage III, or 
in stage IV if distant metastases were present. 
4. Surgery. All patients designated as hav- 
ing bad a radical mastectomy had the full 
Halsted operation. There were removed in 
one block at least 8 centimeters of skin from 
the palpable edges of the tumor, the pectoralis 
major and minor muscles, all axillary fat, 
loose areolar tissue, lymph nodes, and branches 
of the axillary vein. Any procedure less than 
this was considered a simple mastectomy, 
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Fig. 1. Frequency of females with cancer of the breast 
per 1,000 female admissions to the University of California 
Hospital 1918 to 1947, inclusive. The overall frequency 
rate is II.9 per 1,000. 


whether with or without partial axillary 
dissection. 

5. Radiation treatment. Patients were des- 
ignated as having received x-ray treatment 
before or after surgery if at least 3 fields, the 
breast, axilla, and supraclavicular areas, were 
treated during 3 to 6 weeks for a total dose 
per field of 1,800 roentgens in air, or a tissue 
dose of at least 2,000 roentgens. The same 
definitions of dose, time, and ports were used 
for cases in whom x-ray was the primary or 
the only treatment. Roentgen treatment for 
recurrence, metastases, or in doses less than 
the above was not considered as constituting 
preoperative or postoperative radiation ther- 
apy. 
6. Follow-up. The cases were followed to 
January 1, 1950. At that date, as given in 





TABLE III.—STATUS AND FOLLOW-UP OF THE CASES OF CANCER OF THE BREAST, 1918-1947 









































Known dead, No. of cases Known alive at latest follow-up, . 
No. of cases one 
q Tota efore 
Stage Cancer 
No. Cancer | Cancer Un- Post- Total Autopsy other Birra. 
opera- per- No. of cases 
present | absent | known sive dead foeme than Jan. 1, At 5 At 10 Tt 
breast* 1950 years years 
I 334 90 49 14 3 156 13 16 142 12 17 17! 7 
Il 209 166 29 17 3 215 23 4 67 6 9 82 2 
Ill 314 240 | 19 16 I 276 20 6 28 2 3 33 5 
IV 109 98 — 8 — 106 14 2 I _— -_ I 2 
Total 1056 soa | 7 55 7 753 70 28 238 20 29 | 287 ‘| 16 



































*Without reference as to presence or absence of breast cancer. 
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Table III, 753 patients were dead, 238 were 
known to be alive. The status of 65 was un- 
known, but of these cases 29 had been followed 
for 10 years and 20 for 5 years, so that the 
follow-up at 5 years was 98.5 per cent com- 
plete. Since all patients seen after 1944 could 
not have been followed for 5 years, survival 
data concerning them were used to the nearest 
completed year of follow-up. 

7. Cause of death. Death certificates, letters 
from other physicians and from relatives were 
examined in order to ascertain whether a pa- 
tient died from or with carcinoma of the 
breast. Cases were recorded as having cancer 
of the breast at death when the evidence from 
these sources was positive. The great ma- 
jority of patients died elsewhere than in the 
University Hospital. The overall autopsy 
rate was only 9.3 per cent. 


STATISTICAL METHODS 


All conclusions in which significant differ- 
ences are claimed were supported by statisti- 
cal analyses of the relevant groups. 

1. Data regarding distribution of cases ac- 
cording to stages and by time periods, side of 
lesion, and survival after various forms of 
therapy were statistically analyzed for dif- 
ferences by the X? test for homogeneity (8). 
The level of significance used was P=o.o1. 
Thus, a difference was accepted as significant 
if the occurrence by chance was possible at the 
1 per cent level or less. 

2. Differences of means, such as age, were 
tested by using the standard error of the differ- 
ence between two means. Differences were 
considered as significant if the observed dif- 
ference was at least 2.5 times the standard 
error of the difference. 

3. Significance of differences between rates 
was tested by using the theory of simple 
sampling of attributes (26), where p is the 
proportion of success and 1—p the proportion 
of failure in a sample of n cases. An observed 
difference was considered significant when it 
was at least 2.5 times the standard error of 
the difference. 

4. Delay in months between reported onset 
and treatment or admission was analyzed by 
testing distributions of delay for differences 
and similarity between stages, using the X? 
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test. Because of the skewness of data, median 
delay instead of mean delay was calculated 
for each stage. Significance of differences be- 
tween these medians was determined. Per- 
centage distributions of delay in months were 
calculated and analyzed for each stage. 

5. For determinations of survival, the data 
were divided into groups of single complete 
years, and tabulated by single years until the 
last complete year for which follow-up was 
possible. Thus, all cases treated before 1940 
could be followed for a progressively decreas- 
ing number of years. Only patients definitely 
known to be alive at the end of each year were 
recorded in the numerator of any group. In 
order to obtain the survival rate, the number 
of cases known to be alive was divided by the 
number of all cases that could have been ex- 
posed to risk, including untraced cases. There 
were only 16 cases who were lost to follow up 
before 5 years, so that differences between 
minimum and maximum rates were inconse- 
quential. 


ANALYSIS OF DATA FOR HOMOGENEITY 


The total data on 1,056 cases were divided 
into 6 chronological periods, 1918 to 1924, 
1925 to 1929, 1930 to 1934, 1935 to 19309, 
1940 to 1944, and 1945 to 1947, and by the 
four stages of the disease (Table I). 

The distribution of stages during the 6 
chronological periods is not homogeneous. All 
stages of the periods 1918 to 1924 and 1945 
to 1947 and stage IV of all years contributed 
heavily to deviations from what was expected 
if the stages had been homogeneous with 
respect to time periods. However, there are 
no consistently significant changes in distri- 
bution of stages with time. No evidence was 
present that more women with early cancer 
of the breast were seen and recorded at the 
University Hospital in recent years as com- 
pared with 30 years ago. 

The ages of women at onset and at admis- 
sion, during the 6 periods, were analyzed by 
stages of the disease. No statistically signifi- 
cant differences nor trends were found during 
the 30 year period. 

The delay, by stages and by chronologic 
periods, was examined. No statistically sig- 
nificant trends were present. The data con- 
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cerning delay failed to demonstrate that there 
is now earlier acceptance of medical attention 
by women with breast cancer in this area than 
there was in 1920. 

The distribution of cases showing involve- 
ment of the right or left breast, the outer or 
the inner quadrants of the breast, and the 
number of cases with bilateral carcinoma, 
were found to be distributed homogeneously 
throughout the 6 periods. 

On the basis of these analyses of distribu- 
tion by stages, age at onset and admission, 
delay, location of the lesion and bilateral 
involvement, the total data, divided by stages, 
could be considered as representing a similar 
population during the whole period of survey. 
Thus, women with breast cancer seen at the 
University Hospital in 1918 were similar in 
respect to these factors to women with breast 
cancer observed 30 years later. The data 
were then examined by the type and the 
effect of therapy during the 30 year period. 

Radical mastectomy without roentgen ther- 
apy remained the treatment of choice in stage 
I cancer throughout the 30 year period: 205 
patients had radical mastectomy only, and in 
41 of the patients some form of roentgen ther- 
apy was also given. Simple mastectomy was 
performed on 29 patients; these were of ad- 
vanced age or had other contraindications to 
extensive surgery. 

The choice of treatment for stage ITI disease 
was almost the same as for stage I, except for 
a higher percentage of patients receiving 
radiation. Before 1930, only 2 of 78 patients 
had roentgen therapy, whereas after 1935, 43 
per cent of the patients were thus treated. 

In stage III cancer, radical mastectomy 
without radiation was performed in 41 of 51 
patients seen before 1930. After 1935, 36 
per cent of the patients had either roentgen 
therapy alone or roentgen therapy combined 
with simple mastectomy. 

In stage IV, treatment was directed toward 
palliation in all but 6 cases. Forty per cent of 
the patients received no treatment. 

It was evident that the clinical concepts 
regarding the role of radical mastectomy in 
advanced breast cancer, and the role of radia- 
tion treatment had undergone several modifi- 
cations. Of 219 patients treated before 1930, 
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only 6 are recorded as having received roent- 
gen therapy as defined here. During the 1930 
to 1944 period, 40 per cent of 680 patients 
received radiation treatment. After 1944, 
radiation was employed in 27 per cent of 157 
cases. 

No systematic plan was followed in selecting 
patients for radiation, and the criteria and 
degree of selection are unknown. Moreover, 
of a total of 143 cases that received radiation 
before surgery, in 114 more than 6 weeks 
elapsed between the completion of radiation 
and the operation. Of a total of 109 patients 
who received radiation after surgery, radiation 
was started later than 1 month after operation 
in 49. When the data were divided according 
to type of roentgen therapy received, and ac- 
cording to the stage of the disease, the groups 
were too small for separate statistical analysis. 
Perforce, all such groups, within stages, were 
combined for subsequent analyses. 

In order to demonstrate whether the results 
of treatment during the early periods could be 
validly compared with the results during re- 
cent years, analysis was made of the § year 
survival rates in stages I and II treated by 
radical mastectomy only during the 6 chrono- 
logical periods. No significant differences or 
trends were found. 

This review indicated that patients with 
cancer of the breast seen at the University of 
California Hospital during the period 1918 to 
1947 were homogeneous in respect to treat- 
ment by radical mastectomy and 5 year sur- 
vival, and that results of treatment in specific 
stages could be validly combined for further 
analyses without regard to the chronological 
period of the cases. 


FREQUENCY 


The frequency of carcinoma of the breast 
in the female population admitted to the 
University Hospital is given in Figure 1. 
Previous examination (24) showed that the 
distribution of the University Hospital popu- 
lation according to age in decades after 30 
years of age closely parallels the distribution 
of the general population of the United 
States. The estimated overall frequency rate 
of cancer of the breast was I1.9 per 1,000 
female patients, rising steadily from 0.2 before 
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Fig. 2. Distribution of female patients with cancer of 
the breast against age at apparent onset (1,038 cases) and 
at admission (1,056 cases). The age at onset was unknown 
in 18 cases. Numbers refer to actual numbers of cases 
observed. 


age 30 to 29.8 during the 60 to 69 age period 
and then decreasing to 25.3 above age 70. 

Forty-four women developed cancer of both 
breasts, the involvement of the second breast 
being from all evidence apparently an inde- 
pendent, second neoplasm. This is a fre- 
quency of 4.2 per cent among 1,056 women 
with mammary cancer, or almost four times 
the frequency of breast cancer among the 
total female hospital population. The fre- 
quency is minimal because 238 women are 
still alive, and thus have not had complete 
exposure to the risk of developing a second 
primary mammary cancer. In comparison, 
28 women have had other malignant neo- 
plasms of other types, a frequency of 2.6 per 
cent. 


TABLE IV.—AGE AT ONSET AND AT ADMISSION 


























Age at onset* Age at admission 
Stage 

No. of Mean age No. of Mean age 

cases years cases years 
I 333 52.7+0.65 334 53-4+0.64 
II 2096 51.5+0.66 299 52.340.66 
Ill 310 53-74 0.67 314 55.4£0.70 
IV 909 §1.5£1.24 109 55.41.15 











*Unknown in 18 cases 
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The data indicate that the most common 
second neoplastic lesion in women with cancer 
of the breast is cancer of the other breast. 
The possibility of developing cancer of the 
second breast among women with cancer of 
one breast is considerably higher than the 
chances for women in the general population 
to develop cancer of one breast (6). 

It has been pointed out by Buck and Clem- 
mesen that cancer of the left breast is more 
frequent than that involving the right breast. 
In their data, 2,117 of the tumors were on the 
left side as compared with 1,908 on the right. 
The present figures (Table II) of 544 on the 
left and 509 on the right, including the first 
breast involved in bilateral cases, are almost 
identical with the ratio found in Denmark, 
England, and Switzerland. Although analysis 
of the present figures fails to demonstrate that 
this difference is statistically significant, it is 
in conformity with the European data. 


AGE AT ONSET AND AT ADMISSION 


Table IV and Figure 2 show the ages at ap- 
parent onset and at admission to the hospital 
or clinic. The range of age at onset was from 
25 to 85 years of age. 

Analysis of the age at onset shows no sig- 
nificant difference between the four stages. 
This indicates that the single factor of age at 
onset is not important of itself in the distribu- 
tion of women according to the stage of dis- 
ease. In other words, older women as well 
as young women may develop a rapidly grow- 
ing, metastasizing neoplasm. 

In contrast to the age at onset, there is sig- 
nificant difference between the age at admis- 
sion of patients with stages I and II of the 
disease, on the one hand, and stages III and 
IV, on the other. This difference is a function 
of the delay period, since the age at admission 
is equal to the age at onset plus the delay. 


DELAY 


Table V and Figure 3 present data on the 
delay period, according to the stages of the 
disease, as measured by months from apparent 
clinical onset to time of treatment or admis- 
sion. This was determinable in 1,038 of 1,056 
cases. Of these, 97 per cent first detected the 
lump or other abnormality of the breast them- 
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selves, and only 3 per cent of the tumors (32 
cases) were first found by physicians. 

Statistical analysis shows significant differ- 
ences between per cent of cases stages I and 
II with delays of less than 2 months (34.5 ver- 
sus 25.3) and with delays of from 6 to12 months 
(14.7 versus 22.6). There is no significant 
difference between the two stages when pa- 
tients with delays of over 12 months are con- 
sidered. The median delay of 4 months for 
stage I is not significantly lower than the 
median delay of 5.5 months for stage II. The 
differences in distribution of delay between 
stages III and IV, and between either of these 
and stages I or II, are statistically highly 
significant. 

The results of the analyses indicate that 
delay has a definite influence in determining 
the stage of the disease that is found at ad- 
mission, including the occurrence of axillary 
metastases from smaller lesions that places 
women into stage II of the disease. It is true, 
and not contradictory, that even a long 
delay may not alter the stage of the disease 
or the prognosis regarding survival. Con- 
versely, the shortest delay does not exclude 
the presence of metastases. Other things 
being equal, however, the longer a tumor is 
present, the greater the opportunity exists 
for the growth and spread of the neoplasm. 


ANALYSIS OF SURVIVAL 


Survival from apparent onset. Table VI 
gives the survival from apparent onset of 
1,038 women with breast cancer divided by 
the stages of the disease at admission. Figure 
4 presents these data graphically. Super- 
imposed on the figure are the survival rates 
of the general female population at the age of 
52 years during the 1939 to 1941 period in the 
United States (10), and the survival rate in 
untreated women with cancer of the breast 
as determined in 516 cases by Greenwood in 
England and on 100 women by Daland in 
the United States. There are significant dif- 
ferences in survival rates among the four 
stages in terms of the character of the curves. 
The difference between the curve for the gen- 
eral female population and the curve for wom- 
en with stage I cancer persists after 5 years. 
This indicates a continued increased mortality 
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Fig. 3. Distribution of 1,038 female patients, by the 
stage of disease at treatment, or admission, against the 
delay from apparent onset. The percentage of cases in 
any stage at any specific delay period cumulates all cases 
up to that period (see Table V). 


rate in stage I cancer of the breast following 
the completion of the classical 5 year period. 
The continued drop is more evident in women 
with stage II and stage III disease. 

Stage IIT shows a higher survival than stage 
IV or the untreated groups although the dif- 
ferences in each successive year are not con- 
sistently significant. 

There is no difference between survival of 
women with stage IV disease and survival in 
untreated cases of Greenwood and of Daland. 


TABLE V.—DELAY FROM APPARENT ONSET TO 
TREATMENT OR ADMISSION, BY STAGES OF 
THE DISEASE 





Stage of disease 





Delay 








months I ll lll IV 

No. Per cent | No. Per cent | No. Per cent | No. Per cent 
I 71 (21.3) | 47 (15.0) | 15 ( 4.8) 2 ( 2.0) 
I- 2.9 70 (21.0) 63 (21.2) 38 (12.3) 5 ( 5.1) 





3- 5.9 57 (7.1) | 42 (14.2) | 43 (13.0) | 15 (15.1) 





6-11.9 49 (14.7) 67 (22.6) 67 (21.6) 14 (14.2) 





12-23.9 40 (12.1) 34 (11.5) 62 (20.0) 12 (12.1) 
24-35.9 21 ( 6.3) 17 ( 5.8) 26 ( 8.4) 16 (16.1) 


























36 25 (7.5) | 26 ( 88) | 59 (19.0) | 35 (35.4) 

Total 333 (100.0) | 296 (100.0) | 310 (100.0) | 99 (100.0) 
Median, in 

months (by 

interpola- 

tion) 4.04 0.82 5.5£0.63 1I.5+1.04 25.0+ 1.73 
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TABLE VI.—SURVIVAL IN CANCER OF THE BREAST FROM APPARENT ONSET, 





DIVIDED BY STAGES OF DISEASE AT ADMISSION 


Years after onset | I | 2 | 3 | 


4 | 5 | 6 | 7 | 8 | 9 











































































































Stage I 
No. of cases alive 326 git 273 246 212 189 165 140 121 100 
Total no. of cases A 333 333 315 204 279 256 236 210 185 160 
Per cent survival 97.9 | 03-4 86.7 | 83.7 76.0 73.8 70.0 66.7 65.4 62.5 
Standard error of per cent +0.8 | +1.4 +1.9 + 3.2 + 2.6 + 2.7 + 3:0 + 3.2 3.5 £3.8 
Stage II 
No. of cases alive 289 | 244 202 171 133 110 88 68 54 47 
Total no. of cases ienipaeyon 290 | 296 285 280 267 252 230 201 84 2. 
Per cent survival ses | 97.6 “ 82.4 70.9 61.1 49.8 43.6 38.3 333 | 29.3 27.5 
Standard error of per cent | te | + 2.2 £67 +2.9 $3.5 +3.1 +£3.32 +33 + 3.4 +3.4 
Stage III 
No. of cases alive | 287 | 226 | 162 IIs 85 63 47 39 32 22 
Total no. of cases | 310 | 310 | 287 265 246 227 209 190 184 168 
Per cent survival | 92.6 | 72.9 | 56.4 | 43-4 34.6 | 27.8 22.5 20.5 17.4 13.1 
Standard error of per cent | trs | tas | +2: +3.1 +3.0 | +3.0 + 2.9 +2.9 +2.8 +2.6 
Stage IV 
No. of cases alive | 81 | 59 38 28 21 | 13 13 10 8 7 
Total no. of cases Peale “| 99 | 99 92 gr 90 | 88 82 81 71 66 
Per cent survival | 81.8 | 59.6 41.3 30.8 g 23.3 | 14.8 15.8* 12.3 11.3 10.6 
Standard error of per cent ieee | £30 +4.90 +52 +4.8 +4.4 +3.8 +4.0 + 3.6 +3.8 +3.8 

















*No additional deaths occurred in the 7th year among 13 survivors of the 6th year while only 82 cases were exposed to risk in the 7th year as com- 


pared with 88 cases in the 6th year. 


Survival after treatment or admission. Table 
VII indicates the survival rates in the total 
1,056 cases. The date of operation was used 
in the determinations for women who under- 
went mastectomy; among women who re- 
ceived x-ray treatment only, the date of 
initiation of this treatment was used, whereas 
in stage IV and in some patients who received 
only palliation or no treatment, survival was 
measured from the time of admission for the 
breast condition. The data which are plotted 
in Figure 5 include the survival of the general 
female population at the age of 53 years (10). 

The overall data include a total of 751 
women who underwent radical mastectomy. 
There were 6 postoperative deaths, or a mor- 
tality of 0.8 per cent. A total of 153 women 
had simple mastectomy, with or without 
axillary dissection, with 1 postoperative death, 
or a mortality of 0.6 per cent. During the 
same period, 312 women received full courses 
of x-ray treatment, and 2 women died of 





complications directly attributable to the 
treatment, for a mortality of 0.6 per cent. 

There are statistically significant differences 
between the survival rates of all four stages, 
at 5 and at 1o years after treatment or ad- 
mission. 

For the remaining analyses, use was made 
only of cases seen through 1944, which had full 
5 year follow-up on January 1, 1950. In 
analyses of effects of therapy, all postoperative 
deaths and untraced cases are included. For 
analysis of certain possible factors influencing 
the results, only cases belonging to groups 
under consideration are included. 

Effect of type of treatment. Table VIII pre- 
sents the 5 year survival rates by stages and 
by major forms of treatment. 

Although the results with radical operation 
alone among cases in stage I show a higher 
survival than in the group that also received 
radiation at some time before or after radical 
surgery, the difference is not statistically sig- 
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TABLE VII.—SURVIVAL IN CANCER OF THE BREAST, FROM TREATMENT (STAGE I-III) 
OR ADMISSION (STAGE IV) 
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Years after operation or admission | I | 2 


ee ee ee oe es 
















































































































































































Stage I 
No. of cases alive 321 2094 265 234 203 177 | 154 | 131 | 110 93 
Total no. of cases ie : 334 ile 316 205 = 280 257 | 237 | 7 = | 186 te 1 
Per cent survival ; 06.1 88.0 | 83.9 79.3 | 72.5 | 68.9 | 65.0 | 62.1 Zz oa | 59 8 
Standard error of percent | to | 41.8 | +21 | +24 | t27 | t20 | tax | #33 | #36 | +30 
Stage II 
No. of cases alive | 275 | 223 174 144 | 114 | 90 | 71 590 46 | 42 
Total no. of cases OO | 200 | 299 288 Y -4a5 7 | 270 | 255 | 233 204 187 | 173 
Per cent survival a: | "92.0 | 714.6 60.4 | soo | 42.2 | 35.3. | 30 s | 28.9 7 "94. 6 | 24.3 
Standard error of per cent +1.6 | + 3:5 +29 | +30 | +3.0 +30 | +3. + nny $3.3 | +3.3 
Stage III 
No. of cases alive 238 | 155 | 96 | 71 | 46 | 3r | 24 16 | mm | 10 
Total no. of cases a 314 | 314 | 291 | 269 | 250 | 231 " ong ‘i 308 i 788 2 
Per cent survival { 75.8 | 49.4 | 33.0 | 26.4 | 18.4 | 13-4 | I1.3 8.2 | 58 | 5.8 c: 
Standard error of per cent. —_ | +2.4 | +28 | +28 | + 27 | + 2.4 | +2 2 T +: 2 é + 2.0 £17 | £18 
Stage IV 
No. of cases alive | 37 | 12 | 2 | I | eo | — ae — |} — — 
Total no. of cases | 109 | 109 | 104 | 103 | “eo | me | we | rs | mare | ae — 
Per cent survival “i | 33.0 | II. | 1.9 | ro | o | sae te aa | | ee) i. ae “| —_ 
Standard error of per cent i Sea | te | tee |. See Se ee age a ee Con eee 





nificant. No other treatment rates were cal- 
culated because of the small number of cases. 

In stage II the survival rate following radi- 
cal mastectomy only is lower than that follow- 
ing radical operation supplemented by radia- 
tion. Again the difference is not statistically 
significant. The data on simple mastectomy 
are, of course, too limited to be used statis- 
tically. 

In stage III, the survival rate following 
radical mastectomy alone is lower, although 
not significantly so, than the rates following 
any other form of therapy which included 
radiation. 

In stage IV, no patient survived longer than 
4 years after admission or initiation of treat- 
ment. 

It has already been stated that analysis of 
survival following radical mastectomy, when 
divided by the stages of the disease, shows no 
significant differences during the chronological 
periods of the 30 years studied. If, however, 
all cases treated by radical mastectomy, with 





or without radiation, are grouped together by 
5 year periods without regard to staging, a 
trend toward progressively higher survival 
figures is obtained, from 41.4 per cent in the 
1918 to 1924 period to 54.5 per cent during 
the 1940 to 1944 period. Before 1930, the 
survival rate in 191 women undergoing radical 
surgery was 42.4 per cent; after 1930 52.3 per 
cent of 430 women were alive at 5 years. The 
difference is statistically significant, and re- 
flects more rigorous selection of operable cases 
so that progressively fewer women with ad- 
vanced disease underwent radical mastec- 
tomy. This is verified by the following figures: 
in 1918 to 1924, only 29.8 per cent of all cases 
receiving radical mastectomy were in stage I 
as compared with 45.1 per cent in 1940 to 
1944; before 1930, 36.6 per cent were in stage 
I and after 1930, 40.9 per cent were in stage I. 
Further, in 1918 to 1924, 47.2 per cent were in 
stage II and 23.0 per cent in stage III while 
in 1940 to 1944, 39.4 per cent were in stage II 
and only 15.5 per cent in stage III. 
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AFTER APPARENT ONSET 


Fig. 4. Survival of 1,038 female patients with cancer 
of the breast after apparent onset, by stages of the disease. 
The numbers at points indicate number of patients con- 
tributing to the value, and upper double lines indicate 
values obtained if untraced cases are removed from the 
denominator. Line A is the survival rate of the general 
female population at the age of 52 years, during the 1939 
to 1941 period in the United States (10). Line B is the 
survival rate in 100 untreated women with cancer of the 
breast as determined by Daland. Line C is the survival 
rate in 516 untreated women with cancer of the breast as 
determined by Greenwood. 


The data fail to demonstrate any consistent 
or significant increase in survival rate by the 
supplementation of radiation in the treatment 
of mammary cancer. Possible differences are 
obscured by the small number of cases avail- 
able for analysis, and the forced grouping of 
perhaps noncomparable methods of radiation 
therapy. 

Deaths from cancer within 5 years. It has 
been demonstrated that significant differences 
in survival are obtained when the data are 
divided according to the four stages of the 
disease. The survival above the rate seen in 
women with untreated mammary cancer is 
usually assumed to be the result of the treat- 
ment afforded to the patients. It is possible 
also that the process of staging itself groups 
patients with tumors of “low malignancy” in 
stage I and those with tumors of “high malig- 
nancy” toward stages III and IV. 

An approach toward the estimation of the 
role of the biological properties of the neo- 
plasms and the possible host-resistance factors 
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AFTER TREATMENT OR ADMISSION 


Fig. 5. Survival of 1,056 female patients with cancer 
of the breast after mastectomy. In women who received 
x-ray treatment only, the date of initiation of treatment 
was used, and in women who received no treatment, sur- 
vival was measured from time of admission for the breast 
condition. The numbers at points indicate number of 
patients contributing to the value, and upper double lines 
indicate values obtained if untraced cases are removed 
from the denominator. Line A demonstrates the survival 
rate of the general female population at the age of 53 
years, during the period of 1939 to 1941 in the United 
States (10). 


is afforded by considering women who are 
treated at different stages of the disease and 
who die of the recurrence, metastasis, or other 
direct effects of the neoplasm. Thus, if the 
degree of malignancy inherent in the tumor is 
the chief determinant in the staging and in the 
results of treatment, women with stage I dis- 
ease who die of cancer should live longer than 
women with more advanced disease in whom 
the disease is not eradicated or controlled. 
The distribution of mortality in 6 month 
periods was analyzed for women who died of 
breast cancer during the first 5 years after 
apparent onset and after treatment or admis- 
sion. The data are presented in Table IX. 
There is a consistent trend toward lower 
mean survival in women with stage I to stage 
IV disease, as gauged from apparent onset. 
There is a statistically significant difference 
between stage I and stages III and IV, al- 
though the difference between stage I and 
stage II is not significant. There is also a sig- 
nificant difference between stages II and IV. 
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TABLE VIII.—FIVE YEAR SURVIVAL FOLLOWING VARIOUS FORMS OF TREATMENT 





(DATA OF 1918 TO 1944, INCLUSIVE) 





Treatment | 





Stage II | Stage III Stage IV 





Radical mastectomy | No. cases alive 


7o 





| Total no. cases 





179 





Per cent survival 





Radical mastectomy plus No. cases alive 


x-rays* 





Total no. cases 








Per cent survival 








Simple mastectomy No. cases alive 








Total no. cases 











Per cent survival 
Simple mastectomy plus 
x-rays* 





No. cases alive 


Total no. cases 




















No. cases alive 





Total no. cases 


Per cent survival 





Palliative or none | No. cases alive 


| Total no. cases 





| Per cent survival 





No. cases alive 


| Total no. cases 





| Per cent survival 








72.52 2.7 





*All cases received adequate radiation therapy as defined, whether preoperative or postoperative or radiation only. 


When measured from treatment or admis- 
sion, there is the same trend of shorter mean 
survival from stage I to stage IV. The dif- 
ferences between stage I and stages III and 
IV, and stage II as compared with stages III 
and IV are statistically significant, although 
the difference between stages I and II is not. 

The analysis indicates that staging in itself 
tends to group cases with slower-killing neo- 
plasms into stage I, and the more malignant 
tumors toward stages III and IV. 

Factors possibly modifying survival. Data 
on women with stages I and II disease who 
were treated by radical mastectomy only were 
used for analyses of certain factors that may 
have modified survival. In these analyses, 
postoperative deaths and untraced cases are 
not included. 

The possible influence of the operator was 
investigated. No significant difference was 
found in survival after operations performed 
at the University Hospital by the 6 principal 


surgeons. The total 5 year survival in 156 
patients with stage I disease was 124 or 79.5 
per cent, and in 132 patients with stage II 
disease it was 54, or 40.9 per cent. In com- 
parison, 49 operations in stage I cancer and 
47 operations in stage II cancer that were per- 
formed by the resident staff or other surgeons 


TABLE IX.—SURVIVAL OF WOMEN DYING OF 
CANCER OF THE BREAST WITHIN FIVE YEARS 
AFTER APPARENT ONSET, AND AFTER TREAT- 
MENT OR ADMISSION 











From treatment or 


From apparent onset admission 








No. cases \survival, months} No. cases |survival, months 





32.7+ 2.4 





| 
41 35-6+ 2.7 } 48 
} 





107 |) 32.r$1.4 122 





| 143 28.2+1.1 
IV | 67 

Untreated* | 78 

*Data of Daland. 








25.2+1.8 





26.4+1.8 
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yielded survivals of 34 (69.4 per cent) and 16 
(34.0 per cent), respectively. In view of the 
small number of cases involved, thesé differ- 
ences are not statistically significant. 

The groups were divided according to the 
location of the lesion in the outer or the inner 
quadrants of the breast. In stage I, the 5 year 
survival in 130 women with outer quadrant 
lesions was 101, or 77.7 per cent; for inner 
quadrant lesions, 44 of 53 women, or 83.0 per 
cent, were alive at the end of 5 years after 
operation. In stage II, the 5 year survival in 
113 women with outer quadrant lesions was 
51, Or 45.1 per cent, as compared with 12 of 37 
women, or 32.4 per cent with cancer in the 
inner quadrant. The data show no significant 
differences, and fail to substantiate a poorer 
prognosis for neoplasms in the inner quad- 
rants of the breast (2). 

The groups were divided according to the 
delay from presumed onset to operation. 
There were no consistent trends or differences 
in survival. Of 140 women with stage I 


disease whose delay was up to 6 months, the 
5 year survival was 108, or 77.1 per cent. In 
62 women delaying 7 months and over, 50, or 
80.6 per cent, survived 5 years. In stage II, 
115 women had a delay period of up to 6 


months, with survival of 43, or 37.4 per cent; 
63 women delayed for over 6 months, and of 
these 27, or 42.8 per cent, were alive at the 
end of 5 years after operation. The data show 
no significant effect of delay upon survival, so 
long as the cases remain in a particular stage 
of the disease. 

The groups were then divided according to 
the age of the patient, by decades, at opera- 
tion. There were no consistent trends nor 
differences in survival among successive age 
groups. In stage I, 66 of 85 women operated 
upon at ages under 50 years were alive at 5 
years, for a survival of 77.6 per cent. Of 117 
women operated upon at the age of 50 and 
over, the 5 year survival was 91, or 77.8 per 
cent. In stage II, 82 women were operated 
upon before the age of 50, with a 5 year sur- 
vival rate of 41.5 per cent. Of 97 women oper- 
ated upon after the age of 50 years, 37.1 per 
cent survived 5 years. Thus, a poorer prog- 
nosis among younger women is not substan- 
tiated by these data (23). 
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DISCUSSION 

The foregoing analyses have shown that the 
survival among women with cancer of the 
breast is dependent upon the anatomical ex- 
tent of the disease at the time of treatment. 
The extent of the disease is determined pri- 
marily by the biologic properties of the neo- 
plasm and possible host-resistance factors, 
and by the delay from apparent onset to 
treatment. The survival from operation at 5 
years among women with relatively small neo- 
plasms without clinical or pathological evi- 
dence of metastases was 72.5 per cent. The 
survival was 42.2 per cent when metastases 
were found in the axillary lymph nodes, and 
18.4 per cent when more extensive disease was 
present. With distant metastases, there were 
no survivors. The survival at 5 years of all 
cases, of which 68 per cent had metastases, 
and including all untraced and untreated pa- 
tients, was 40.4 per cent. 

Comparison was attempted of these data 
with the results published from four other 
centers, the Memorial Hospital (1) and the 
Presbyterian Hospital (11) in New York, the 
Mayo Clinic (14) in Rochester, and the Royal 
Infirmary (19) in Edinburgh. Such compari- 
sons are not entirely satisfactory because no 
uniform method of staging or of recording the 
data was used. In addition, reports from two 
of the centers were concerned with results of 
radical mastectomy only, and did not indi- 
cate the total data. 

Adair reported a survival of 78.6 per cent 
in 737 cases of breast cancer without axillary 
metastases, and thus presumably falling into 
stage I as defined here. The total data on 
3,355 women yielded a survival of 39.6 per 
cent. This indicates that 78 per cent of the 
patients had metastatic disease at the time of 
treatment. The presentation suffers from the 
deletion of 453 additional cases because of re- 
fusal of treatment, untraced cases, and cases 
stated to have died of ‘‘other causes without 
recurrence.” There are no significant differ- 
ences between Adair’s figures and the present 
data, particularly when the indeterminate 
patients are taken into consideration. 

Harrington reported survival following radi- 
cal mastectomy on women with unilateral 
carcinoma of the breast, of which 61 per cent 
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had metastases. The survival at 5 years 
among 2,059 patients without metastases was 
75-7 per cent, and in 3,348 women with metas- 
tases the survival was 30.4 per cent. The 
survival in the total group, and not including 
inoperable cases, was 47.6 per cent. This may 
be compared with the survival in the present 
series of 45.4 per cent among 800 women in 
stages I, II and III, although stage III in- 
cludes approximately 50 per cent of inoperable 
cases. No significant differences between 
Harrington’s figures and the present data are 
demonstrated. ; 

Haagensen showed a survival of 74.3 per 
cent among 185 women with disease limited to 
the breast on whom radical mastectomy was 
performed. In 381 patients with axillary in- 
volvement who were treated by radical mas- 
tectomy, the survival was 38.3 per cent. Thus, 
in a group selected for operability and in 
which 70 per cent of the patients had metas- 
tatic disease, the 5 year survival was 50 per 
cent. Comparisons with the present data 
show no significant differences. 

It may be concluded that the 5 year sur- 
vivals at the University of California Hospital 
typify quite closely the results being achieved 
in other large surgical centers in the United 
States. The consistency of the data suggests 
that the condition of the patients being 
treated, the biologic properties of the tumors, 
and the treatment are rather monotonously 
uniform when considered on a group basis. 

The present data, as reflecting the usual 
surgical experience in the United States, may 
be compared with the controversial results 
published by McWhirter who reported that 
the combination of simple mastectomy and 
immediate postoperative radiation yielded 
better survival at 5 years than radical mastec- 
tomy. Of a total 1,345 patients, 757 were 
designated as operable, whereas 389 had ad- 
vanced disease without distant metastases. 
It was estimated that the incidence of axillary 
metastases in the operable group was 60 per 
cent, so that in the total series 77 per cent 
had metastases. The 5 year survival on all 
patients was calculated as 43.7 per cent, but 
459 patients actualiy followed for the full 5 
years yielded 42.9 per cent, and this group was 
stated to be “less patients who died from inter- 
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current disease.” There is no significant 
difference between this survival and the sur- 
vival of 40.4 per cent of the total 899 cases of 
the University of California series. Con- 
versely, however, the overall survival follow- 
ing the simple mastectomy-immediate radia- 
tion method is certainly no lower than that 
achieved in the present series. This is particu- 
larly true since the proportion of cases with 
metastatic disease was higher in the Edin- 
burgh series than in the California data. 
Further examination of McWhirter’s results 
indicates that, if his operable cases are com- 
parable with stages I and II, the 5 year sur- 
vival is 62.1 and 57.6 per cent, respectively. 
Again, the difference is not statistically signi- 
ficant, but is certainly not lower in Edin- 
burgh. If McWhirter’s advanced cases are 
compared with stage III, the 5 year survivals 
are 29.0 per cent and 18.4 per cent, respective- 
ly. This difference is statistically significant, 
and would indicate an increment in survival 
among patients with advanced disease. It is 
interesting that the survival of 80 patients of 
stage III treated by radical or simple mastec- 
tomy plus radiation at the University of Cali- 
fornia Hospital was 23.7 per cent, a value not 
significantly different from the survival re- 
corded by McWhirter. 

The conclusion that can be derived from 
these comparisons is that the results on all 
patients at 5 years reported by McWhirter 
are as good as any achieved by the accepted 
radical mastectomy, with or without ra- 
diation. 

It is evident that McWhirter’s technique 
is not merely one of a simple mastectomy 
followed by radiation. Special precautions 
are taken in regard to both the operation 
and the x-ray course. Perhaps the most im- 
portant points are that the mastectomy is as 
limited as possible, whereas radiation is 
started within 2 weeks after operation, and 
a minimal tumor dose of 3,750 roentgens is 
given through 4 fields within a period of 3 
weeks. 

All stage I carcinomas of the breast should 
be curable by simple mastectomy. Deaths 
from cancer of the breast in stage I disease 
are really a measure of the clinical and path- 
ological limitations in the detection of the 
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presence of metastasis. It would seem, 
therefore, that no woman with true stage I 
cancer of the breast would be endangered 
by the McWhirter procedure. The chief ar- 
gument revolves about stage II disease, with 
limited axillary metastases. There are defi- 
nite reasons why McWhirter’s therapy should 
be favorably considered despite the demon- 
stration that radiation following radical mas- 
tectomy does not yield a significant improve- 
ment over figures obtained by radical mas- 
tectomy alone. The dose of radiation used by 
McWhirter is higher than that used routinely 
in the United States. This is possible be- 
cause such radiation is delivered to a field 
not deprived of its blood supply, with the 
pectoral muscles intact over the thoracic 
cage. It is well known that fibrosis and 
avascularity interfere with the effects of ra- 
diation. The theory that metastatic car- 
cinoma in lymph nodes is not radiocurable 
has had severe setback from the studies of 
Wood and Boag. 

The possibility that McWhirter’s treat- 
ment would merely seal off metastases in 
radiation-induced fibrosis, to recur at dates 
later than 5 years, cannot be entirely count- 
ered except by actual 1o year figures that 
will become available from Edinburgh. A 
sharp drop in the figures, however, is most 
unlikely. A similar situation has existed in 
the comparison of many other types of ther- 
apy for many other types of neoplastic 
disease: the figures at 3, 4, 7, or 10 years, if 
based on sufficient numbers, remain propor- 
tionately the same (23). 

In the discussion thus far, it has been ten- 
tatively assumed that the survival of women 
undergoing radical mastectomy or other 
treatment is attributable to the therapy. It 
was brought out that in such survival rates, 
cognizance must be made of the survival 
among presumably comparable untreated 
women. The 5 year survival of untreated 
patients as reported by Greenwood and by 
Daland is approximately 20 per cent after 
apparent onset, and approximately 15 per 
cent if a period of 1 year is assumed as the 
mean delay of all women from apparent 
onset to treatment. Thus, all statistics on 
survival at 5 years following therapy must 
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be corrected for the expected 15 to 20 per 
cent survival among untreated patients. Al- 
lusion also has been made to the important 
role of the biologic properties of the tumor 
and the host-resistance factors, and the in- 
fluence of these factors upon survival and 
upon the grouping of women within clinical 
and pathological stages of the disease. 

Park and Lees in an excellent, thoughtful 
discussion of this problem, come to the con- 
clusions that not only delay in treatment has 
not been demonstrated to affect the 5 year 
survival, but that it has not even been 
proved that the survival rate in cancer of 
the breast is affected by treatment at all. 
Variability in growth rate between different 
cancers combined with the use of a survival 
rate as a measure of cure may create an 
apparent cure rate which is partly or wholly 
fictitious. This problem is also indicated in 
the presentations of McKinnon and of Mac- 
Donald (17). 

We agree with Park and Lees in that it 
is futile to speak of 5 year “cure” rates in 
cancer of the breast. At the best, at 5 years 
certain women can be stated to have no 
clinical evidence of recrudescence or metas- 
tasis of the neoplasm. Determination of sur- 
vival rates which remove women presum- 
ably dying of causes other than cancer dur- 
ing any period also appears unjustified. Cer- 
tainly if the local experience of autopsies on 
less than 10 per cent of the cases is general, 
such corrections must have a prohibitive de- 
gree of error. For these reasons, throughout 
this paper no reference is made to “cure” 
and only survival is considered. 

We believe, however, that the data pre- 
sented here clearly show that delay in treat- 
ment has a definite effect upon survival in 
cancer of the breast, and that the present 
methods of treatment do produce consid- 
erable salvage of women with mammary 
carcinoma. 

On the basis of the data on delay avail- 
able in Table V and on observed 5 year sur- 
vival in Tables VII and VIII, determination 
can be made of the survival at 5 years that 
can be anticipated by the present methods 
for the treatment of cancer of the breast. 
Figure 6 shows the distribution of the stages 
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of the disease dependent on the delay from 
apparent onset to treatment. Even when 
the apparent delay is less than 1 month, 48 
per cent of the women are found to have 
metastatic disease. If the 5 year survivals 
for the four stages of the disease are 73, 42, 
18, and o per cent, respectively, the 5 year 
survival in this group is 55 per cent. There 
is a consistent and significant decrease in the 
number of women in stages I and II of the 
disease as the length of delay increases, and, 
conversely, an increase in the proportion of 
women in stages III and IV. Of women 
who delay treatment for over 3 years, only 
17 per cent do not have evidence of metastatic 
disease, whereas 65 per cent are in the ad- 
vanced stages with extensive local or distant 
metastases. Since the survival rate of 
women in any one stage is not affected by 
delay, survival from operation in this group 
is 28 per cent. Considering that 15 to 20 
per cent of untreated women with cancer 
of the breast survive a comparable period, 
the total treatment in all women results in 
an increment in survival at 5 years of 35 per 
cent if no delay has occurred, and of 13 per 
cent if a delay of 3 years or more has oc- 
curred. 

The survival of patients following treat- 
ment in any specific stage of the disease has 
been shown to be independent of the ap- 
parent delay. Thus, the same proportions of 
patients in any stage were alive in the group 
that had delay of, say, less than 1 month 
and in the group that had delay of 3 years 
or more. It is obvious, however, that had 
women with a delay of 3 years undergone 
treatment within a month after onset, the 
group could not have included patients who 
died within 3 years after apparent onset. 

What, then, would have been the survival 
if all women had had treatment within a 
month after apparent onset? The observed 
distribution by stages in the group with a 
delay of less than 1 month has been shown 
to be 52, 35, 11, and 2 per cent, respectively. 
If this distribution is applied to all other 
groups, 665 patients with delay of less than 
1 year would have had a survival of 55 per 
cent. Groups with delay of 1, 2, or 3 years 
represent cases in which no deaths are in- 
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Fig. 6. The effect of delay upon the distribution of 
cases by stage of the disease, and upon the 5 year survival 
rates to be anticipated by proportional weighing of the 
observed survival rates for different stages. Bar graphs 
are placed at the middle of each delay period. With an 
apparent delay of less than 1 month, 48 per cent of the 
patients have metastases, and the 5 year survival in the 
whole group is 55 per cent. The survival of untreated 
women with cancer of the breast at 5 years after onset is 
20 per cent. 





cluded for these periods, so that the survivals 
at 4, 3, and 2 years for each stage must be 
applied and weighed according to the num- 
ber of cases observed in the three groups. 
The calculations yield 5 year survivals in 
these groups of 62, 68, and 77 per cent. The 
overall survival at 5 years for all 1,038 cases, 
on the basis of these determinations, would 
have been 60 per cent. Thus, if all patients 
had had delay of less than 1 month, the 5 
year survival would have been 60 per cent, 
or 20 per cent above the actual 4o per cent 
that was obtained in this series, and 40 per 
cent above the 20 per cent survival to be 
anticipated among untreated women. 

It is evident, of course, that women who 
undergo treatment after a delay of less than 
1 month presumably have had less than 1 
month of life with the neoplasm, whereas 
women who enter with a delay of over 3 
years have had at least 36 months of life 
with the neoplasm. Moreover, women who 
die of cancer during the 5 year period after 
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TABLE X.—MEAN SURVIVAL OF WOMEN WITH 
CANCER OF THE BREAST, FROM APPARENT 
ONSET TO FIVE YEARS AFTER TREATMENT, 
ACCORDING TO DELAY 


























“s.. Mean sur- 
vival period ee Total mean 
ieeley Time before | contributed Gtbnted ty survival 
months treatment* by cases pa pnd period, per 
‘ months dying of at § yearst case 
breastcancer tf 5 Le months 
months eee 
I | ° 12.3 33-0 45.3 
I oS | 1.0 | rSii | 28.8 42.9 
3- 5.9 | 3.0 13.1 25.6 4U7 
6-11.9 | 6.0 14.1 | 23.4 43-5 
I 2-23.09 | 12.0 | 13.9 | 29.2 48. I 
24-35.9 | 24.0 | 13.3 | 20.4 57-7 
eee Gee SS ee ee 
P 36 36.0 | 16.4 | 13.9 66.3 





*Minimum of delay period, per case 

tWeighted by proportion of stages at interval (Table V) using mean 
survival by stages (Table IX). 

tWeighted by proportion of survival by sors (Table VIII) and dis- 
tribution of cases by stages at interval (Table V). 


treatment live for an average of 33, 27, 21, 
and 1o months, depending upon the stage 
of the disease at entry (see Table IX). 
These periods of survival were assumed to 
hold for all patients dying within 5 years. 
Thus, the total span of life in the average 
case includes the period of delay, the mean 
period of survival of patients who die during 
the 5 year period, and the survival contrib- 
uted by the proportion of patients surviving 
the 5 year period. Table X presents the cal- 
culations made on this basis, and shows that 
up to 5 years after treatment or admission, 
the average patient with breast cancer lives 
for 45 months if there has been less than 1 
month of delay, whereas if such treatment 
occurs after a delay of 3 years or longer, an 
average life span of 66 months is obtained. 
These data should not be perverted to- 
ward the untenable supposition that delay 
is desirable for women with cancer of the 
breast, and that is not their meaning. The 
data do clearly show, however, the tremen- 
dous influence of the biologic properties of 
neoplasms upon the survival of the host. 
Consideration of data by delay of treatment, 
as well as within stage of the disease, groups 
or selects cases of rapidly growing, rapidly 
killing neoplasms toward one end of the 
scale, and of the slow growing, less fatal neo- 
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plasms toward the opposite end. These fac- 
tors are of utmost importance in the correct 
evaluation of what is and what is not 
achieved by any particular form of treatment. 

These conclusions indicate the limitations 
in the results relative to survival of women 
with cancer of the breast following surgery 
and the degree of improvement that is pos- 
sible to achieve with full application of edu- 
cational and other measures that would 
shorten delay and increase acceptance of 
treatment by all women with small masses in 
the breast. Such measures undoubtedly will 
improve the total survival, as has been dem- 
onstrated in this study. The size of the tu- 
mor and the presence of metastases is, in 
part, a function of the length of time a tumor 
has been present, as well as of the biologic 
properties of the neoplasm. Results of full 
application of the presently known clinical 
methods of detecting and treating this disease 
however, appear to be limited to a total yield 
of approximately 60 per cent 5 year survival. 

Further modifications in surgical tech- 
niques, such as anatomical extension of the 
classical operation, conceivably could yield 
some improvement in the results. Since ra- 
diation therapy following simple removal of 
the breast has been demonstrated to achieve 
results entirely comparable with the results 
of radical surgery, this also appears to be a 
logical and promising area for further in- 
vestigation at other centers. The situation 
also enforces the view that in the eventual 
picture, research on the biological and bio- 
chemical methods of detection and treat- 
ment of cancer of the breast is the only 
means by which a more optimistic outlook 
can be eventually justified and incontro- 
versially supported. 


SUMMARY 


Data on all female patients with cancer of 
the breast recorded at the University of Cal- 
ifornia Hospital during a 30 year period, 
1918 to 1947, inclusive, were reviewed and 
statistically analyzed. 

The total data on 1,056 patients were ex- 
amined for homogeneity and variance, and 
were found to be homogeneous during the 
period of study. The cases were divided into 
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four anatomical stages of the disease. Data 
relative to age and delay were analyzed, 
with emphasis upon the relationship of these 
factors to survival. The data were analyzed 
in regard to survival at 5 years, by stage of 
the disease and by the type of treatment, 
after apparent onset and after treatment. 

The 5 year survival of 280 women with 
disease localized to the breast (stage I) was 
72.5 percent. In 270 women with metas- 
tases to the axillary lymph nodes (stage IT) 
it was 42.2 per cent. In 250 women with ad- 
vanced disease (stage III), the 5 year sur- 
vival was 18.4 per cent, and none of 99 
women with distant metastases (stage IV) 
was alive 5 years after admission. The 5 
year survival of all 899 women was 40.4 
per cent. 

The data were compared with results re- 
ported from three other surgical centers in 
the United States and in Edinburgh. No 
significant differences were elicited. 

Survival of women with cancer of the 
breast is dependent upon the anatomical ex- 
tent of the disease at time of treatment, 
which is determined primarily by the bio- 
logic properties of the neoplasm and pos- 
sible host-resistance factors, and by the de- 
lay from apparent onset to treatment. 

Age at onset and operation, location of 
the neoplasm in the breast, and delay do 
not affect significantly the 5 year survival 
when the cases are grouped by the stages 
of the disease. The ratio of stages changes 
with delay, however, and the process of 
staging itself tends to group women with 
neoplasms of different biologic properties. 

It is concluded that with present methods 
of detection and treatment of cancer of the 
breast, if all patients had delay of less than 
1 month from apparent onset to treatment, a 
5 year survival of 60 per cent could be 
achieved. This is 20 per cent above the 
actual 4o per cent obtained in this series, 
and 40 per cent above the 20 per cent sur- 
vival to be anticipated among women with 
untreated breast cancer. 
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ANTIBACTERIAL SUBSTANCES IN HUMAN SEMEN AND 
PROSTATIC FLUID 


PAUL W. TAYLOR, A.B., and HERBERT R. MORGAN, M.D., Rochester, New York 


T HAS been reported that human semen 
and prostatic fluid obtained from dogs 
possess the capacity of inhibiting the 
growth of certain bacteria that cause in- 

fections of the genitourinary tract. Youmans 
and his associates found that dog prostatic 
fluid inhibited the growth of Staphylococcus 
aureus, Escherichia coli, and Streptococcus 
hemolyticus and also produced some inhibi- 
tion of the growth of Streptococcus viridans 
and Neisseria gonorrhoeae. In studies with 
human subjects, Rozansky and his co-workers 
reported that human semen had a marked in- 
hibitory action on three strains of Staphylo- 
coccus aureus. The present study was under- 
taken to determine the antibacterial activity 
of human semen and prostatic fluid against a 
number of common genitourinary tract patho- 
gens and to ascertain the nature of these in- 
hibitory factors. 


MATERIALS 


Semen. Semen was collected from 6 normal 
healthy medical-student donors and from 13 
healthy individuals who brought samples in 
for analysis in the sterility clinic of the Strong 
Memorial Hospital. Seven semen samples had 
low sperm counts (below 60 million per c.c.) 
and 1 specimen was azoospermic. The ma- 
terial was collected in clean receptacles after 
manual expression and brought to the labor- 
atory immediately. The samples were allowed 
to liquefy for 4 hours and used directly, or 
were frozen and stored in the deep freeze at 
—15 degrees F. for future experimentation. 

Prostatic fluid. Prostatic fluid was collected 
from 50 persons in the genitourinary clinic of 
the Strong Memorial Hospital by prostatic 
massage. Individuals included were those who 
exhibited no genitourinary disease and pa- 
tients who showed cystitis, prostatitis, benign 
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prostatic hypertrophy, and carcinoma of the 
prostate. The material was collected in sterile 
glass tubes and tested immediately, or stored 
in the deep freeze at —15 degrees F. until 
used. 

All samples obtained were cultured on blood 
agar plates to determine the presence and 
number of bacteria. Few of the semen and 
prostatic fluid samples were sterile, but the 
others contained only small numbers of con- 
taminating organisms, mainly saprophytes. 
Therefore, the samples were used in these ex- 
periments without further treatment. 

Blood sera. Ten cubic centimeters of blood 
were obtained from each of 7 prostatic fluid 
donors who had a history of gonorrhea. The 
blood was allowed to clot, the serum removed 
and stored in the deep freeze at —15 degrees 
F. 

Organisms and test media. The organisms 
used, their sources, and the media used can 


best be presented in tabular form (Table I). 


METHODS 


Antibacterial tests. The technique used to 
test the antibacterial activity of the secretions 
was the Oxford cup method as described by 
Kolmer. Pour plates of the organism were 
made by placing 0.1 cubic centimeter of a 24 
hour broth culture in 100 cubic centimeters of 
melted agar. Thirteen cubic centimeters of the 
mixture were dispensed into each Petri dish. 
The agar plates were allowed to cool and 
placed in the refrigerator until used. 

The cylinders were stainless steel cups 8 
millimeters in diameter. These were sterilized 
by autoclaving and dry heat at 300 degrees F. 
and subsequently placed on the agar pour 
plates using aseptic technique. After the cups 
were allowed to “set” on the agar for a period 
of time, 3 to 5 drops of the test solution were 
placed in each cup. 

The plates were then covered with sterile 
porcelain covers and incubated at 37 degrees 
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C. for 24 hours. After this period, the diam- 
eters of the areas of growth inhibition (the in- 
ner clear zone) around the cups were measured 
with a pair of dividers. One cylinder on each 
plate was used for a penicillin test solution of 
2 units per milliliter. 

Heat inactivation. One-half cubic centi- 
meter amounts of semen and/or prostatic 
fluid were heated in a water bath at different 
temperatures for varying periods of time. Af- 
ter heating, the solutions were allowed to cool 
and then tested for antibacterial activity. 

Dialysis. In one test, approximately 2 
cubic centimeters of semen or prostatic fluid 
(14 c.c. amounts in subsequent tests) were 
placed in cellophane tubing for dialysis. The 
bags were then placed in 5 cubic centimeters of 
sterile distilled water. The whole system was 
placed in a mechanical shaker in the warm 
room (37 degrees C.) for 2 hours and then in 
the refrigerator. Several changes of distilled 
water were made over a 24 hour period and all 
the dispersion fluids combined. In the first 
test this amounted to 45 cubic centimeters of 
fluid, but in the two subsequent tests this 
totaled 20 cubic centimeters. This material 
and the portion remaining in the cellophane 
sac (about 3 c.c. in the first test and 1 c.c. in 
the next 2 tests) were separately tested for 
antibacterial activity with Staphylococcus 
aureus F and Staphylococcus aureus L. 

Calcium precipitation. Two hundred milli- 
grams of sodium citrate were added to 100 
cubic centimeters of melted agar containing 
the test organisms and pour plates made ac- 
cording to the usual method. Various semen 
and prostatic fluid specimens were tested on 
these pour plates to detect any change in their 
antibacterial activity in the presence of this 
calcium precipitating agent. 

Sodium citrate was added to some samples 
and the supernatant fluids tested to determine 
any change in antibacterial activity against 
the various organisms. 

Extraction. Eighteen samples of semen and 
prostatic fluid were pooled to make up 8 cubic 
centimeters of test material. One cubic centi- 
meter was put aside for comparison with the 
material obtained from the extraction. 

Twenty-one cubic centimeters of 50 per 
cent aqueous alcohol, adjusted to pH 2.22 by 


TABLE I.— ORGANISMS TESTED, THEIR SOURCES, 
AND MEDIA USED FOR TESTS ON EACH 


Penicillin 
sensitivity 
(2 units/ml.) 


Organism 


weed Media used 


Source 





Staph. aureus F} Sensitive 
23 mm. zone 


Recently isolated| Beef extract agar 
from leg ulcer 





Staph. aureus G} Sensitive 
24 mm. zone 


Recently isolated 


Beef extract agar 
from throat 





Staph. aureus L| Not sensitive | Stock culture Beef extract agar 





Staph. aureus P| Not sensitive | Recently isolated 


Beef extract agar 
from throat 





Staph. aureus X| Sensitive 
21 mm. zone 


Isolated from 
patient’s pro- 
static secretion 
(prostatic 
abscesses) 


Beef extract agar 





Sensitive 
25 mm. zone 


aureus Isolated from 
same patient’s 
prostatic fluid 


(1 mo. later) 


Beef extract agar 





Esch. coli Not sensitive | Stock culture Beef extract agar 





Sensitive Stock culture 


35 mm. zone 


N. gonorrhoeae Trypticase soy 
agar, Mueller- 


Hinton agar 





Sensitive Stock culture 


24 mm. zone 


N. meningitidis Trypticase soy 
agar, Mueller- 


Hinton agar 





Str. hemolyticus} Sensitive Stock culture 


20 mm. zone 


*Blood agar, 
trypticase soy 
agar 





Standard strain 
used for anti- 
biotic titrations 


Sensitive 
30 mm. zone 


B. cereus Beef extract agar 








M. lysodeikticus} Sensitive Stock culture | Douglas’ agar 
Io mm. zone | 











*8 semen specimens tested on blood agar. 
Io semen specimens tested on trypticase soy agar. 
Io prostatic fluid specimens tested on trypticase soy agar. 


addition of dilute hydrochloric acid, were 
added to 7 cubic centimeters of the test ma- 
terial. The mixture was shaken often at room 
temperature (28 degrees C.) for an hour to 
allow for extraction. 

The acid-alcohol-semen-prostatic fluid mix- 
ture was centrifuged at 2,000 revolutions per 
minute for 20 minutes, the supernatant of 25 
cubic centimeters volume removed, and the 
residue discarded. Two volumes (50 c.c.) of 
cold acetone were added to the supernatant 
fluid and a heavy white precipitate formed. 

The precipitate was recovered by centrifu- 
gation, washed twice with cold acetone, and 
then allowed to dry overnight at 28 degrees C. 
The precipitate was dissolved in 8 cubic cen- 
timeters of sterile triple-distilled water and 
tests for antibacterial activity were made us- 
ing Staphylococcus aureus G and Micrococcus 
lysodeikticus. The aliquot set aside before ex- 
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TABLE II.—THE INHIBITORY ACTIVITY OF HU- 
MAN SEMEN SPECIMENS AGAINST VARIOUS 















































BACTERIA* 
Zone of inhibition 
No. showing (diameters in mm.) 
Test organism inhibition/No. 
tested 
Range Average 

Staph. aureus F 17/18 (94%) 7.9-13.8 11.26 
Staph. aureus G 18/20 (90%) Q.I-15.1 11.76 
Staph. aureus L 19/20 (95%) 7 8.9-15.1 12.27 
Staph. aureus P 16/18 (89%) 9.9-16.0 12.25 
~ Staph. aureus X 5/8 Q.0-12.1 11.42 
Staph. aureus Xi 3/5 9.9-12.8 11.30 
Esch. coli 10/15 (67%) 8.8-12.2 10.03 
N. gonorrhoeae - 9/11 (82% 8.8-9.9 9.26 
B. cereus 20/20 (100%) 8.4-16.2 II.9go 

Str. hemolyticus 0/18 -- -- 

N. meningitidis 6/8 7.7-8.2 7.95** 

M. lysodeikticus 3/3 IIl.Q-14.3 12.73 














*Samples from 19 donors. 
**Semen specimens frozen and thawed several times. 

traction and the extracted material at full 
strength and at dilutions of 14, 14, %, and 1/16 
were assayed for antibacterial activity. 


RESULTS 


Antibacterial Activity of Semen and 
Prostatic Fluid 


These experiments showed that semen and 
prostatic fluid had an antibacterial activity 
against a variety of organisms. Twenty-two 
semen specimens were obtained from 19 in- 
dividuals and tog prostatic fluid samples from 
50 individuals. 

Table II presents the data on the inhibitory 
action of human semen. The width of the 
zones of inhibition is given for the various or- 
ganisms tested. As shown, 8g to 95 per cent of 
the specimens tested showed activity against 
Staphylococcus aureus strains F’, G, L, and P, 
whereas, Staphylococcus aureus X and Xi 
strains were inhibited only by about 60 per 
cent of the samples tested. These latter two 
organisms had been isolated from a prostatic 
infection. 

The Staphylococcus aureus strains were in- 
hibited by the semen to an average zone diam- 
eter of approximately 12 millimeters. Two 
units of penicillin per milliliter inhibited the 
sensitive strains to an average zone width of 
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23 to 24 millimeters. A comparison of the in- 
hibition zones of semen and the penicillin con- 
trol shows that semen produces a zone ap- 
proximately 1% as large in diameter and 1% as 
large in area as that given by the penicillin 
control. The penicillin-resistant organisms 
Staphylococcus aureus L and P, were as sus- 
ceptible to the action of seminal fluid as 
were the penicillin-sensitive strains. 

Escherichia coli was susceptible to the anti- 
bacterial activity of semen in fewer instances 
than the strains of Staphylococcus aureus 
tested. Neisseria gonorrhoeae, Bacillus ce- 
reus, Neisseria meningitidis, and Micrococcus 
lysodeikticus were susceptible to the inhibi- 
tory activity of human semen, but Streptococ- 
cus hemolyticus was unaffected by every spec- 
imen. tested. 

The results of tests with prostatic fluids are 
summarized in Table III. The results obtained 
with prostatic fluid were similar to those ob- 
served with semen. Staphylococcus aureus, 
Escherichia coli, Bacillus cereus, and Micro- 
coccus lysodeikticus were inhibited to a similar 
extent. The Staphylococcus aureus X strains 
again were inhibited by fewer of the specimens 
than the other strains of staphylococci. As 
with semen, Streptococcus hemolyticus was 
unaffected by the antibacterial action of the 
prostatic fluids tested. 

However, with the Neisserian organisms, 
there was a difference in the activity of the 
fluids. With Neisseria meningitidis, semen in- 
hibited the organism in 6 out of 8 samples 
tested to an average zone of 7.95 millimeters, 
but these specimens, as indicated, were frozen 
and thawed several times. This manipulation 
probably decreased the potency of the anti- 
bacterial factor. The prostatic fluid samples 
which were not repeatedly frozen and thawed 
inhibited Neisseria meningitidis in 10 out of 
12 cases with an average inhibition zone diam- 
eter of 13.85 millimeters. 

It was noted further that semen inhibited 
Neisseria gonorrhoeae in g out of 11 speci- 
mens tested with an average zone diameter of 
9.26 millimeters, and that with prostatic 
fluids 37 out of 39 samples showed inhibitory 
activity. However, the inhibition zones ob- 
tained with prostatic fluids could be divided 
into two groups. Twenty-nine samples in- 
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hibited this organism with zones averaging 
8.57 millimeters in diameter, comparable to 
the zones obtained with semen specimens. In 
contrast, the other 8 samples from 4 individ- 
uals, 3 of whom had histories of gonorrhea, 
gave inhibition-zone widths averaging 27.02 
millimeters, indicating that they had the 
greatest activity observed in these experi- 
ments. 

Blood serum specimens from 7 prostatic 
fluid donors with histories of gonorrhea were 
tested in Oxford cups on pour plates of Neisse- 
ria gonorrhoeae along with control sera from 
individuals with negative histories. The nor- 
mal serum and 5 of the test sera inhibited 
Neisseria gonorrhoeae to a slight degree (8 to 9 
mm. zone diameter). Two of the test sera, 
which were obtained from 2 of the 4 individ- 
uals whose prostatic fluid showed marked in- 
hibition, showed larger zones of inhibition 
(15.0 mm. zone diameters). On the other 
hand, serum from 1 of the 4 individuals, 
whose prostatic fluid displayed marked anti- 
gonococcal activity, had no greater activity 
against the gonococcus than did normal 
serum. 

All the sera from the individuals with posi- 
tive histories of gonorrhea gave negative re- 
sults with the gonococcal complement fixation 
test. 


Properties of the Antibacterial Agent in 
Semen and Prostatic Fluid 


Effect of heat. With the limited number of 
samples tested it was seen that the factor in 
semen and prostatic fluid that inhibits 
Staphylococcus aureus is heat stable, resisting 
heating at 100 degrees C. for up to 30 minutes, 
whereas the antibacterial factor for Micrococ- 
cus lysodeikticus in these two secretions was 
reduced in activity by mild heat treatment 
and inactivated after 10o degrees C. for 10 
minutes. Table IV shows the results of these 
heat experiments. 

Effect of dialysis. These experiments demon- 
strated that the inhibitory factor in semen and 
prostatic fluid passed through cellophane 
dialyzing membranes. This factor, therefore, 
was a material in true suspension and of a 
small molecular size. Table V lists these 
results. 
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TABLE I1I.—THE INHIBITORY ACTIVITY OF HU- 
MAN PROSTATIC FLUID SAMPLES AGAINST 
VARIOUS BACTERIA* 


Zone of inhibition 

No. showing (diameters in mm.) 

inhibition /No. 
tested 


Test organism 














Range Average 
Staph. aureus G 47/51 (92%) 7.8-20.9 12.14 
- Staph. aureus L 34/37 (92%) 8.1-15.1 II.22 
Staph. aureus X 9/14 (64%) 9.6-14.2 12.20 





Staph. aureus Xi 1/1 11.80 11.80 





























Esch. coli 29/47 (62%) 7-8-13.5 9.67 
N. gonorrhoeae 29/31 (94%) 8.1-11.1 8.57 
8/8 (100%) 15.8-39.0 27.02 
B. cereus 15/16 (94%) 8.7-18.2 12.46 : 
Str. hemolyticus 0/10 —- — 
N. meningitidis 10/12 (83%) 8.2-19.0 13.85 
M. lysodeikticus 2/2 12.0-17.1 | 14.55 





*Samples from 50 donors. 


Effect of calcium precipitation. The precipi- 
tation of calcium ions from the secretions 
either by addition of sodium citrate to the cul- 
ture medium or by direct addition to the 
specimens had no appreciable effect upon the 
inhibitory activity of semen and prostatic 
fluid. 

Effect of extraction with acid alcohol. An anti- 
bacterial factor was extracted from seminal 
fluid by this method. However, this factor 
had its inhibitory activity on Micrococcus 
lysodeikticus but not on Staphylococcus 
aureus. A 1/16 dilution of the solution of the dry 
precipitate in 8 cubic centimeters of distilled 
water to adjust to its original volume gave a 
large zone of inhibition (13.8 mm.), indicating 
that the extraction resulted in concentration 
of the lysozyme-like factor present. 


DISCUSSION 


The inhibition of various strains of bacteria 
by human serum and prostatic fluid is similar 
to that reported by Youmans and his asso- 
ciates with prostatic fluid from dogs. They 
found that Staphylococcus aureus and Esche- 
richia coli were inhibited by dog prostatic se- 
cretions and that Neisseria gonorrhoeae was 
slightly susceptible to the inhibitory factor in 
this fluid. In the present study, it was found 
that Staphylococcus aureus, Escherichia coli, 
and Neisseria gonorrhoeae were inhibited by 
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TABLE IV.—EFFECT OF HEAT ON ANTIBACTE- 
RIAL ACTIVITY OF SEMEN AND PROSTATIC 



















































































FLUID 
Heating ee 
Test organism | “e-of |— FP mnsnonng goed 
Temp. °C.|Time, min. 
Staph. aureus G 9 |\Unheated 11.64 aver. 
I | 70 | 10 14.80 
I 7° 20 14.20 
5 70 30 13.22 aver. 
oT 75 10 13.70 
| . I 7 75 20 14.20 
| os 75 30 14.10 
| : 4 ‘aaa ag | 60 IT.00 aver. 
Staph. aureus u 7 |Unheated 10.50 aver. 
re 70 30 12.40 
- | 100 20 10.20 
| I 100 30 II.00 
a 100 40 ° 
M. lysodeikticus 4 |Unheated 17.30 aver. 
I | 70 10 8.50 
I | 7° 20 s 8.20 
si = 7 | 70 30 7.80 
| 7 ie Fi 75 10 7.60 
ies a | 75 | 20 7.60 
| we a RY 30 7-50 
I | 100 10 ° 
| I | 100 20 ° 
| I | 100 30 ° 











human seminal fluid and prostatic fluid, but 
that Streptococcus hemolyticus was not sus- 
ceptible to their inhibitory action, whereas it 
had been reported as susceptible to the anti- 
bacterial activity of dog prostatic fluid by 
Youmans and his associates. 

Rozansky and his associates, using the Ox- 
ford cup technique, found that 3 strains of 
Staphylococcus aureus were inhibited by 
human semen, but that the Escherichia coli 
strains tested were not susceptible to the in- 
hibitory factor. In the observations here re- 
corded, 6 strains of Staphylococcus aureus and 
a strain of Escherichia coli were inhibited by 
semen and prostatic fluid, but Escherichia coli 
was less susceptible to this inhibitory action. 
In addition to these organisms, Neisseria gon- 
orrhoeae, Bacillus cereus, Neisseria meningi- 
tidis, and Micrococcus lysodeikticus were also 
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found to be sensitive to the inhibitory factor 
of seminal fluid and prostatic secretion. 

Bacillus cereus, a saprophytic organism, was 
used as a control strain in these experiments 
since its sensitivity to a wide variety of anti- 
biotics has led to its use for assay of their 
potency by the same technique used here to 
study the antibacterial activity of seminal and 
prostatic fluids. It has served, therefore, as a 
point of reference for evaluation of the inhibi- 
tory activity of these fluids, and Tables II and 
III show average diameters of inhibition zones 
of 11.9 and 12.46 millimeters with these fluids 
as compared with a zone diameter of 30 milli- 
meters obtained with 2 units of penicillin per 
milliliter. 

The purpose of the penicillin control was 
threefold. By checking every pour plate with 
a known penicillin control solution, the peni- 
cillin sensitivity of the organism could be as- 
certained and checked to see if it remained 
approximately the same from test to test. 
Secondly, the zone width of the penicillin con- 
trol gave the investigators information con- 
cerning the correct seeding of the pour plate. 
Lastly, the penicillin control served as a refer- 
ence against which the inhibition zone diam- 
eters of the test solutions could be compared. 

With Staphylococcus aureus the inhibitory 
factor in seminal fluid and prostatic secretions 
produced an inhibitory zone diameter 14 as 
large and an inhibitory zone area 1% as large 
as 2 units of penicillin per milliliter. It can be 
seen that the range of activity of the antibac- 
terial factor in semen and prostatic fluid com- 
pares favorably with the action of 2 units of 
penicillin per milliliter, which is more than 
twice the concentration usually considered of 
therapeutic significance. 

Two Staphylococcus aureus strains, X and 
Xi, were isolated from prostatic fluids. These or- 
ganisms were susceptible to the inhibitory ac- 
tion of seminal fluid and prostatic secretions 
in only 60 per cent of the cases, whereas the 
other strains were inhibited in 89 to 95 per 
cent of the samples studied. These two strains 
seem to be more resistant to the test fluids and 
they may have become so while they were ac- 
tive as agents in a prostatic infection. 

In one instance, it was possible to study the 
change in the antibacterial activity of an in- 





























dividual’s prostatic fluid during the course of a 
prostatic infection. This patient was the one 
from whom the Staphylococcus aureus X was 
isolated. A sample of prostatic fluid obtained 
at the onset of the infection was normal in in- 
hibitory activity against this organism. How- 
ever, 2 samples of prostatic fluid obtained dur- 
ing the height of the infection demonstrated 
little activity against this organism. Two sam- 
ples obtained during the period of improve- 
ment demonstrated some activity against the 
staphylococcus, whereas a sample obtained 
after the infection had entirely cleared exhib- 
ited normal activity against this organism. 
The antibacterial activity against Staphylo- 
coccus aureus X, the infective agent, disap- 
peared during the height of infection, but re- 
appeared during convalescence and regained 
full activity on recovery. The correlation of 
the status of the infection with the presence or 
absence of antibacterial activity in the pro- 
static fluid suggests that this factor plays an 
important role in prostatic infections. 

Neisseria gonorrhoeae was only slightly sus- 
ceptible to the action of semen and prostatic 
fluid in most instances. However, in 4 cases 
the inhibition zones attained were markedly 
larger. Three of these 4 individuals had his- 
tories of gonorrhea. The past history in the 
fourth case was undetermined. 

Tests with sera from these 4 individuals by 
the method described showed that in 2 cases 
increased inhibition occurred which could 
have been due to the presence of specific anti- 
body in the serum. The serum antibody might 
diffuse into the seminal fluids, thus accounting 
for their inhibitory activity. However, all of 
these sera gave negative results in the gono- 
coccal complement fixation test indicating 
that the usually detectable serum antibody 
for this organism was absent. Of course, one 
could postulate the presence of other types of 
antibodies for the gonococcus in these sera. 

Micrococcus lysodeikticus was inhibited by 
semen and prostatic fluid in the few cases 
studied. It is interesting to note that the fac- 
tor responsible for this inhibition was partially 
inactivated at temperatures of 70 degrees C. 
and 75 degrees C. for varying periods of time 
and destroyed by 100 degrees C. for 10 min- 
utes. The factor that inhibits Staphylococcus 
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TABLE V.—EFFECT OF DIALYSIS ON THE ANTI- 
BACTERIAL ACTIVITY OF SEMINAL FLUID 























Inhibition zones for Staph. aureus G 
Diameters in mm.) 
Sample aa 
ee «| Dispersion 
Before dialysis | Sac contents’ fluid™* 
I 2 12.1 8.9 9.0 
2 uy II.2 8.4 12.9 
3 4% 33.7 8.0 | 10.1 














*Inhibition of Staph. aureus G by cellophane sac contents after dialysis. 
**Dialysis dispersion fluid concentrated to % c.c. 


aureus was not destroyed at this temperature. 
It resisted 100 degrees C. for 30 minutes. This 
indicates that there are two factors responsible 
for the inhibitory activity of semen and pro- 
static fluid. One factor is lysozyme-like, ac- 
tive against Micrococcus lysodeikticus mainly 
and diminished in activity after heating at 70 
to 75 degrees C. and inactivated completely 
after heating at 100 degrees C. for 10 minutes. 
The other factor has inhibitory activity 
against pathogenic bacteria such as Staphy- 
lococcus aureus, Escherichia coli, Neisseria 
meningitidis, and Neisseria gonorrhoeae, which 
are not susceptible to lysozyme or lysozyme- 
like factors. It is much more heat stable than 
the lysozyme or lysozyme-like factor, resisting 
a temperature of 100 degrees C. for 30 min- 
utes. In recent studies, Gurevitch and his as- 
sociates have presented evidence that this 
heat-stable activity might be due to spermine 
present in semen. 

The acid-alcohol extraction further sug- 
gests the presence of two factors. The factor 
that inhibits Staphylococcus aureus was not 
extracted by this method, whereas the lyso- 
zyme factor was. 

The inhibitory factors are present in the 
fluid portion of the semen because specimens 
with low sperm content or no sperm at all in- 
hibited the test organisms as efficiently as did 
normal specimens. Furthermore, there are 
usually few if any sperm in prostatic fluids, so 
their ability to inhibit the various test organ- 
isms gives further evidence that the inhibitory 
factors were in the fluid part of the seminal 
material. 

The possibility exists that the leucocytes 
that occur in prostatic fluids and semen, par- 
ticularly pathological specimens, may be re- 
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sponsible for the lysozyme-like activity of 
these fluids against Micrococcus lysodeikticus. 
Bradford and Roberts showed that leucocytes 
have such lysozymic activity. However, nor- 
mal specimens containing few leucocytes in- 
hibited Micrococcus lysodeikticus equally as 
well as the pathological specimens. It appears 
that the lysozyme-like factor is present in se- 
men and prostatic fluid as such and is not due 
to their content of leucocytes. 

The factors in semen and prostatic fluid 
probably aid in the defense of the male geni- 
tourinary tract against pathogenic bacteria, 
but may also play another role. Matthews 
and Buxton found in cultures of the cervix in 
the female Escherichia coli, Streptococcus viri- 
dans and Streptococcus hemolyticus strains 
that were highly spermicidal. Other organ- 
isms such as diphtheroids, streptococci, and 
hemolytic and nonhemolytic staphylococci 
were entirely innocuous to spermatozoa. 
Semen and prostatic fluid had an inhibitory 
effect on Escherichia coli. Therefore, the an- 
tibacterial properties of these fluids may pro- 
tect spermatozoa in the vagina from the 
spermicidal action of this organism. 


SUMMARY 


There appear to be two antibacterial factors 
in human semen and prostatic fluid. One of 
these factors is heat stable, resisting temper- 
atures up to 100 degrees C. for 30 minutes, and 
it is not extracted from test material by acid 
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alcohol. It possesses antibacterial activity for 
Staphylococcus aureus, Escherichia coli, Neis- 
seria gonorrhoeae, Neisseria meningitidis, and 
Bacillus cereus. 

The other factor in human semen and pro- 
static fluid is relatively heat labile, being com- 
pletely inactivated at 100 degrees C. for 10 
minutes. It is extracted from semen and pro- 
static fluid by acid-alcohol and its primary in- 
hibitory action is against Micrococcus lyso- 
deikticus. This factor is lysozyme or a lyso- 
zyme-like substance. 

Preliminary observations suggest that this 
inhibitory activity of semen may be important 
in genitourinary infections such as prostatitis 
due to Staphylococcus aureus and gonococcal 
infections. 


REFERENCES 


. BRrapForp, W. L., and Roserts, J. B. Lysozymic con- 
tent of blood. J. Pediat., S. Louis, 1936, 8: 24-30. 

. Gurevitcn, J., RozANsky, R., WEBER, D., BRzEz1n- 
sky, A., and EcKERLING, B. The role of spermine in 
the inhibition of Staphylococcus aureus by human se- 
men. Am. J. Clin. Path., 1951, 4: 360-365. 

. Kormer, J. A. Penicillin Therapy Including Tyro- 
thricin and Other Antibiotic Therapy. New York: 
Appleton-Century-Crofts, Inc., 1945. 

. MattueEws, C. S., and Buxton, C. L. Bacteriology of 
the cervix in cases of infertility. Fertil. & Steril., 
1951, 2: 45-52. 

. Rozansky, R., GuREvitcH, J., BRzEzINsKy, A., and 
EcKERLING, B. Inhibition of the growth of Staphylo- 
coccus aureus by human semen. J. Laborat. Clin. M., 
1949, 34: 1526-1529. 

. Youmans, G. P., LIEBLING, J., and Lyman, R. Y. The 
bactericidal action of prostatic fluid in dogs. J. Infect. 
Dis., 1938, 63: 117-121. 





VARIATIONS IN THE FORMATION AND VASCULAR 
RELATIONSHIPS OF THE BILE DUCTS 


EDWARD V. JOHNSTON, M.D., and BARRY J. ANSON, Ph.D. (Med. Sc.), 
Chicago, Illinois 


ERUSAL of the available literature 
has revealed a lack of accurate informa- 
tion on the relationships of the hepatic 
ducts to the accompanying hepatic ar- 
teries and portal vein in the intrahilar area 
and immediately upon emerging from the 

liver. These relationships assume clinical im- 
portance in the re-establishment of the flow 
of bile to the intestine following trauma to 
the ducts, in inflammatory processes, and in 
resection for neoplasms. In many instances, 
where direct end-to-end anastomosis of sev- 
ered duct ends is impossible, the remaining 
stump of the hepatic duct must be sought and 
joined to the intestinal tract. Meager, indeed, 
are references to anatomical landmarks which 
might be of aid in locating the hepatic duct 
stump in a dissection rendered difficult by the 
scar tissue of preceding operations or disease 
processes. Until recently the only described 
method for locating such a duct was that de- 
pendent on aspiration for bile in the hilar 
area. Cole, Reynolds, and Irenius! (1949) 
have discussed the relationship of the hepa- 
tic ducts to the portal vein and use this 
vessel as an aid in locating the remnant of the 
duct. 

-The current investigation was undertaken 
in order to establish the relationships of the 
hepatic ducts to the variable blood vessels 
and to the lesser lobes and the sulci on the 
inferior surface of the liver. 


MATERIALS AND METHODS 


Detailed dissections of structures in the 
hepatoduodenal ligament and in the hepatic 
porta were carried out in 35 consecutive speci- 
mens in the laboratory of gross anatomy of 


Contribution No. 583 from the Anatomical Laboratory of 
Northwestern University Medical School. 

‘For papers published in coauthorship, to which frequent 
reference is required in the text, the names of the senior author’s 
colleagues and the year of publication will be omitted after initial 
citation has been made. 


Northwestern University Medical School. In 
respect to the general anatomy of the hepatic 
pedicle, these new observations supplement 
earlier series reported by Lyman, Lander and 
Anson (1941), and by Daseler, Anson, Ham- 
bley, and Reimann (1947). 

Data were recorded on a prepared form, 
and 35 millimeter color photographs were 
taken of each specimen. Permanent records 
were thus obtained quickly and accurately for 
use in subsequent detailed study of the area. 
Drawings of the important variations or re- 
lationships were made from the specimens 
with the aid of the photographs. 

Variations of the gallbladder, the cystic and 
common bile ducts, and the origin of the hepa- 
tic arteries, although not the primary object 
of the investigation, were, nevertheless, re- 
corded and will be presented for the purpose 
of comparison and addition to the existing 
literature.” 


OBSERVATIONS AND DISCUSSIONS 


BILE DUCTS 


Major variations in the gallbladder and 
biliary ducts are much less common than 
those found in the accompanying arterial 
patterns. Eisendrath is quoted by Mentzer 


2The early works in this field include the accounts by Des- 
comps (1910) and Rio Branco (1912) on the blood vessels, and 
Ruge (1908), Descops and Kunze (1911) on the biliary passages. 
Eisendrath’s several papers (1918-1920) summarized and re- 
viewed these earlier investigations. Thompson (1933) carried 
out a series of dissections and presented an exhaustive review 
and statistical compilation of the literature. Since that time 
numerous studies of the biliary region have been published, 
notable among which are those of Browne (1940), and Daseler 
and coauthors. Boyden (1926) investigated anomalies of the 
biliary ducts in an exceptionally valuable study, based upon 
their comparative and embryological significance. Gross (1936) 
reviewed 148 cases of congenital anomalies of the gallbladder, 
while Schachner (1916) was one of the few workers who com- 
mented on those variations on the inferior surface of the liver 
which accompany anomalous locations of the gallbladder. 
Surgical articles on operative injuries to the biliary structures 
and predisposing anatomical variations include those of Kehr 
(1913), Ejisendrath (1920), Jacobson (1916), Eliot (1918), 
McWhorter (1923), Flint (1922-1923), Jackson (1938), Browne 
(1940), and the recent article by Cole and associates. 
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TABLE I.—LENGTHS OF COMMON BILE DUCT 
IN RELATION TO TYPE OF CYSTOHEPATIC 
JUNCTION 





Before After 
separation separation 
cm. cm. 


No. of Total 
specimens | per cent 
Common bile duct 

excluding parallel 

junctions 





No difference 





Common bile duct i in | 
parallel junctions | _ . 4.0 


Combined common 
bile duct 1 | : R 6.1 














(1929) in stating that anomalous bile ducts are 
found in approximately 8 per cent of routine 
necropsies. The recent study of Michels (1951) 
on 200 specimens revealed accessory ducts in 
18 per cent.! 

Common bile duct. ‘This is the least variable 
segment of the biliary duct system; usually 
it departs from the anatomic norm only in 
respect to such features as length, vascular 
relationships, and juncture with the pan- 
creatic duct.” 

The length of the common bile duct varied 
with the overall body size, the level of the 
duodenum, and the point at which the cystic 
duct joined the common hepatic duct. As 
might be expected, the range was great. 
Brewer (1900) and Lander and his associates, 
reported extremes of 3.7 to 11.9 centimeters 
and 2.0 to 9.5 centimeters, respectively, and 
averages of 7.7 and 4.9 centimeters. Mc- 
Whorter (1923) found an average length (20 
cases) of 6.24 centimeters. 

In any such measurement studies, the re- 
sults are of little value unless the methods and 
points of reference are clearly outlined to the 
reader or future investigator. Statistics on the 
length of the common bile duct as well as 
those on the length of the common hepatic 


1Professor Michels’ detailed study of the arterial supply of the 
supramesocolic viscera is based upon painstaking dissections of 
200 cadavers; his careful drawings served as bases for the statis- 
tical results recorded in his article. The report is a classical 
contribution which is invaluable alike to the anatomist and the 
surgeon. B.J. 

2The latter will not be considered here. Reports of congenital 
absence are very confusing and many reported cases are actually 
atresias of undetermined ‘etiology. Kehr reported 8 cases of re- 
duplication and Courvoisier 1 case. The latter’s case had one 
duct draining to the duodenum and one to the transverse colon. 
Two cases of termination of a single common duct in the stomach 
are cited by Mentzer. Examples of these rare anomalies cannot 
be expected in a small series; significantly, they were not found 
in the 500 specimens studied earlier at this institution (6). 
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and cystic ducts are directly affected by the 
recognition and careful dissection of the long 
and short parallel types of junction between 
the latter two ducts (Figs. 1b and 1c). For 
example, separation of a 4 centimeter parallel 
course will add that length to the common 
hepatic and cystic ducts, and subtract the 
same amount from the length of the common 
duct. In Table I are recorded the differences 
in the average measurements of the common 
bile duct as affected by this parallelism. 

The absence of the supraduodenal portion 
of the common bile duct, due to a prolonged 
parallel course of the cystic duct, has been 
described by several writers. Flint reported 
28 examples (14 per cent) of such absence in 
his study of 200 bodies, while Thompson 
listed 109 instances in reports covering 421 
dissections (23 per cent). The present authors 
found 7 examples of this type in 35 specimens 
(incidence, 20 per cent). 

The vascular relationships of the common 
bile duct described in the literature include 
many cases of anterior crossing of the gastro- 
duodenal, common hepatic, right hepatic, and 
so-called supraduodenal arteries. Thompson 
reported the presence of ventral relationships 
in 31 of his 50 specimens. This variation is of 
interest to the surgeon carrying out an ex- 
ploration of this portion of the common duct. 
For many years the opinion was held by ana- 
tomists and surgeons alike that there existed 
no ventral arterial relationships, and hence 
no hazard of arterial injury in carrying out 
exploration of the common duct. 

The supraduodenal artery deserves special 
mention in that it is omitted in many ana- 
tomical texts, and there is confusion in the 
literature concerning its incidence and exact 
nature. Brewer first described a small vessel 
which arose most commonly from the gastro- 
duodenal artery, crossed the common bile 
ventrally in many cases, and seemed to send 
branches to the first part of the duodenum 
and structures within the distal portion of 
the hepatoduodenal ligament. Wilke (1911) 
again described this vessel, and termed it the 
supraduodenal artery. Varying statistics on 
the incidence of such an artery have been 
recorded, Browne reporting 56 examples in 
280 bodies studied (44.6 per cent of which 
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Fig. 1. Types of junction of the cystic and hepatic ducts. a, Normal acute angle junction. b, Short 
parallel type of junction. c, Long parallel junction. d, Anterior spiral junction. e, Posterior spiral junction. 


vessels coursed anterior to the common bile 

duct). The present authors found only 4 small 

arterial branches with the described distribu- 

tion (11.4 per cent). Special injection methods, 

as used by Wilke, are necessary for accurate 

— of arterial branches of such slight cali- 
er. 


There occurs another arterial branch which 
crosses the anterior aspect of the common 
bile duct with great regularity; this is the 
posterior superior pancreaticoduodenal ar- 
tery, described in several recent anatomical 
studies of the arterial supply of the pancreas 
and duodenum, including that of Pierson. 
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Fig. 2. Relationship of the emerging hepatic ducts to the quadrate lobe of 
the liver. a, Normal arrangement (88 per cent of specimens). b, Second most 
common arrangement (12 per cent) in which the hepatic ducts emerge closer to 
the gallbladder fossa than to the “‘apex’’ of the quadrate lobe. Noteworthy is 
the accessory hepatic duct which curves posterior to the cystic artery. 


Pierson found this artery present in 96 per 
cent of his specimens and quoted Petran in 
stating that this vessel crosses anterior to the 
common bile duct in 86 per cent.’ 

The posterior superior pancreaticoduodenal 
artery usually arises from the gastroduodenal 
artery just as the latter vessel disappears 
posterior to the duodenum (Fig. 3b). The 
posterior and anterior superior pancreatico- 

‘In a current study of pancreaticoduodenal arteries, carried 
out in the laboratory at Northwestern University Medical School, 
this same relationship obtained in the great majority of speci- 


mens. The artery may well be that which some authors have 
included in the category of supraduodenal artery. 


duodenal arteries may arise from a common 
stem, but the latter artery more often takes 
origin at a lower level, from the gastroduo- 
denal. The former vessel courses lateralward 
across the anterior aspect of the common bile 
duct to reach the sulcus between the duode- 
num and pancreas on their posterior surfaces, 
often forming an arterial loop about the ter- 
minal end of the duct. It then runs downward 
to anastomose with a posterior inferior pan- 
creaticoduodenal branch from either the su- 
perior mesenteric or one of the upper intes- 
tinal branches. 
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Fig. 3. Multiplicity of hepatic ducts which join to form the common hepatic duct. 
From 1o intrahilar dissections. a, Single “middle” hepatic duct (4 specimens). b, 
Paired hepatic ducts of moderate size, which join the point of juncture of the right 
and left hepatic ducts. The large hepatic duct which skirts the right hepatic artery 
rejoins the common hepatic duct. c, Schematic representation of the intrahilar ducts 


present in specimen depicted in Figure 3b. 


The present authors found 33 examples of a 
posterior superior pancreaticoduodenal ar- 
tery, arising with a single exception from the 
gastroduodenal artery. The exceptional source 
was an accessory right hepatic artery. All 
others (32) crossed anterior to the common 
bile duct; 28 of the 32 (87.5 per cent) lay at 
retroduodenal level, while 4 (12.5 per cent) 
crossed anterior to the supraduodenal portion 
of the duct (Fig. 3b). 

Other vessels encountered in the present 
series which coursed anterior to the supra- 
duodenal portion of the common duct were 


the gastroduodenal artery in 2 instances (5.7 
per cent), and the common hepatic artery! in 1 
instance (2.9 per cent). Previous investigators 
have found a much higher incidence of the 


1The entire hepatic artery from its point of origin at the celiac 
axis to its division into right and left hepatic rami is referred to as 
a. hepatic propria in the BNA terminology. Some authors have 
used the name common hepatic artery to designate this same 
segment and have employed the term hepatic artery proper to 
describe that portion of the vessel from the gastroduodenal to the 
point of division into the hepatic rami. In the accompanying 
text the first portion of the vessel is named hepatic proper, while 
the succeeding segment, from the point of origin of the gastro- 
duodenal to that at which the segment divides into right and left 
rami, is named common hepatic (since it is the ‘““common’”’ source 
of vessels to the lobes of the liver). In labelling the figures the 
standard BNA terms are used. E.V.J. 
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TABLE II.—LENGTH OF COMMON HEPATIC 
DUCT IN RELATION TO TYPE OF CYSTIC- 
HEPATIC DUCT JUNCTION 





Before After 
separation | separation 
cm. cm. 


No. of 
specimens 


Total 
per cent 





Common hepatic 
ducts, excluding 
parallel cystic- 
hepatic junctions 26 


78.8 2.9 No difference 





Common hepatic 
ducts in parallel 
type Junctions 7 22.2 2.9 5.2 





Combined common 
hepatic duct fig- 
ures 33 














100.0 2.9 3-4 





former relationship (Browne, 27.6 per cent; 
Thompson, 50 per cent), but they have includ- 
ed retroduodenal as well as supraduodenal re- 
lationships. Also reported in the literature as 
passing anterior to the common bile duct are 
the right hepatic artery (Browne, 2.1 per 
cent), the right gastric artery (Thompson, 4 
per cent), and the cystic artery (Thompson, 
2.3 per cent). In a specimen used for illustra- 
tion (Fig. 1a), the right hepatic artery 
crossed anterior to the common bile duct. As 
a rule, the gastroduodenal artery coursed en- 
tirely to the left of the common bile duct, as 
did the common hepatic artery (Thompson, 
93 per cent). The portal vein regularly lay 
dorsal and partially to the left of the common 
duct. Cole and his associates express the 
opinion that the most frequent anterior arteri- 
al relationship is the small artery of supply to 
the common duct which runs on its anterior 
wall in over 50 per cent of patients seen at 
operation. 

Posterior vascular relationships to the com- 
mon bile duct are neither as frequent in oc- 
currence nor as important clinically. Thomp- 
son concluded that they occurred in approxi- 
mately 10 per cent of specimens. Vessels 
crossing behind the common duct include the 
common hepatic artery (Browne, 0.4 per 
cent; Daseler and coauthors 1.6 per cent) and 
the right hepatic artery (Thompson, 8 per 
cent; Daseler and coauthors 11.6 per cent). 
Many of the accessory or replacing right hepa- 
tic vessels, arising from the superior mesen- 
teric artery, coursed posterior to the portal 
vein and then crossed or paralleled the lateral 
or posterolateral aspect of the common bile 
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duct. In the 7 specimens of the present series 
in which an aberrant right hepatic artery was 
present, it came into close approximation to 
the posterolateral aspect of the common bile 
duct in 6 (Fig. 4b). The remaining anomalous 
vessel crossed at a higher level. No example 
of a common or right hepatic artery with 
posterior relation to the common bile duct 
was encountered. 

Common hepatic duct. This duct is of vari- 
able length; it is occasionally absent as such 
when the cystic duct empties at the point of 
junction of the right and left hepatic ducts, or 
enters at an even higher level by joining one 
of the hepatic ducts, more commonly the 
right. Thompson found 8 examples of the 
former in 322 specimens, while Daseler and 
coauthors encountered only a single instance 
in 500 dissections. In the latter group were 
found 3 examples of junction of the cystic 
duct and the right hepatic duct, while Thomp- 
son reported only 1 in a total of 100 bodies. 
A common hepatic duct occurred in 34 (97 
per cent) of specimens in the present series. 

The question of intrahepatic or extrahepa- 
tic formation of the common hepatic duct is a 
fundamental consideration in the current 
study. Thompson reported an incidence of 91 
per cent for extrahepatic junction of the hepa- 
tic ducts in his review of the studies made by 
previous authors. In the present series such 
junction occurred in 32 of the 34 specimens 
(94 per cent) in which the common hepatic 
duct was present. The exceptions were in 
cases with markedly enlarged liver, presum- 
ably diseased. The statement by Cole and his 
associates is the exact opposite, there being 
intrahepatic formation in go per cent (seem- 
ingly due to the use of the term intrahepatic 
as synonymous with intrahilar). 

Measurements of the common hepatic duct 
were affected by most of the factors listed as 
important in the consideration of the common 
bile duct. The greatest variable was the level 
at which the cystic duct emptied into the com- 
mon hepatic duct. McWhorter found the 
average length in 35 specimens to be 3.0 
centimeters. Lander and coauthors reported 
extremes of 1.0 to 5.0 centimeters with the 
majority varying between 1.5 and 3.5 centi- 
meters. The present authors’ figures are pre- 
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Fig. 4. Extrahilar accessory hepatic ducts. a, Specimen with no common hepatic duct; due to the 
low insertion of a large right hepatic duct into the common bile duct (i.e., below the cystic duct 
junction), a common hepatic duct does not exist. The relationship of the cystic artery to the hepatic 
ducts is also unusual. b, Heretofore undescribed type of accessory hepatic duct (see also Fig. 3b) 
from the right hepatic duct which coursed around the right hepatic artery and rejoined the com- 
mon hepatic duct (5 specimens). Also shown is the relationship of an anomalous right hepatic 
artery to the bile ducts and portal vein. c, Accessory hepatic duct joining the cystic duct (4 
specimens). d, Accessory hepatic duct joining the common hepatic duct. 
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TABLE III.—FREQUENCY OF MODES OF UNION 
OF CYSTIC AND HEPATIC DUCTS (ON THOMP- 
SON’S CRITERIA) 















































a Pomees a Parallel Spiral 
Author speci- 

m | No. pal No. pci No. pil 
Ruge 43 14 33 12 29 16 38 
Kunze 39 20 ge 19 49 -- — 
Descomps 50° 40 fe | 6 12 4 8 
Eisendrath 100 75 75 17 17 8 8 
Johnston and An- eee 
cc ae oe Ce Fe eee eS 











sented in Table II, with a record of the dif- 
ferences between the initial gross appearance 
and that following careful separation of paral- 
lel ducts. 

In general, the mode was 3 centimeters 
with 88 per cent falling between 2.0 and 3.5 
centimeters (before separation). 

Union of cystic and hepatic ducts. The 
cystic duct joins the hepatic duct in a much 
more variable manner than a reader would be 
led to believe after a perusal of anatomical 
textbooks and many of the surgical descrip- 
tions. While it is true that the commonly 
described junction at an acute angle occurs in 
the majority of bodies, there are regularly 
encountered variations which, although less 
frequent, are of equal importance. Ruge did 
the pioneer work in classifying these varia- 
tions in three main types. Eisendrath later 
reviewed and summarized the early reports, 
emphasizing again the clinical importance of 
these factors in injury to the biliary duct and 
in postcholecystectomy syndromes. His tabu- 
lation appears in Table III, to which the 
present authors have appended their results. 

1. Angular type. A tabulation of available 
reports reveals the occurrence of normal or 
angular insertion (Fig. 1a) in 397 out of 621 
specimens (64 per cent). There were 18 exam- 
ples of definite angular insertion in the present 
authors’ series of 35 specimens (51.4 per cent). 
In addition, there were 4 specimens for which 
no accurate classification could be established, 
the unions falling between angular and poste- 
rior (one-quarter turn) spiral types. Inclusion 
of such specimens with the angular type, as it 
is assumed previous investigators have done, 
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would bring current percentage to 62.9 per 
cent. 

2. Parallel types. As mentioned earlier, the 
cystic and common hepatic ducts may run 
parallel to each other for a varying distance. 
They are held in intimate contact by firm 
fibrous tissue, and their point of actual con- 
fluence may be indistinguishable on gross in- 
spection. A subdivision of this group into a 
short parallel type, from 5.0 to 7.0 centi- 
meters in length (Fig. rb) and a long parallel 
type, greater than 7.0 centimeters in length 
(Fig. 1c), has been described by several in- 
vestigators. A cystic duct of the long parallel 
type may extend to within o.5 centimeters 
of the ampulla of Vater. 

Thompson collected 50 examples of the 
parallel cystic and common hepatic duct 
which had been subdivided on the basis of 
parallelism less or greater than 5 centimeters; 
60 per cent fell into the category of the short 
parallel, while 40 per cent were of the long 
parallel type. Individual reports on the rela- 
tive frequency of these two types are at wide 
variance with one another, presumably due to 
different investigative methods and criteria. 

Using Thompson’s criteria, the present 
authors found 7 examples (20 per cent) of 
short parallel junctions. The longest parallel 
course was 4 centimeters. These observations 
suggest that a revised subdivision of these 
types would do much to emphasize the fre- 
quency of parallelism. Classification of ducts 
with a parallel course shorter than 2 centi- 
meters as belonging to the acute angular type, 
those from 2 to 4 centimeters as short parallel, 
and those 4 centimeters and over as long par- 
allel junctions, would more clearly emphasize 
the second group in which the parallelism 
begins to be significant. Six of the current 
specimens (17.1 per cent) would fall into the 
second group (2 to 3.9 cm.), and only 1 (2.9 
per cent) into the third (4 cm.). The average 
length of parallel course was 2.7 centimeters, 
the mode was 2.5 centimeters. 

3. Spiral types. The cystic duct may wind 
around the hepatic duct for a quarter-turn, 
halfway or more, or even through a full turn. 
The actual point of junction may be on the 
anterior, posterior, or the medial or left sur- 
face of the common hepatic duct. Subdivision 














of this group into anterior and posterior spiral 
types is convenient (Figs. 1d and re). Thomp- 
son’s review lists 67 spiral junctions in 626 
reported cases (10.7 per cent), while Eisen- 
drath found 8 in roo specimens (8 per cent). 
Other authors have reported widely varying 
figures on the incidence of this variation. In 
comparison of anterior and posterior spiral 
junctions, there were 23 of each type in 46 
reported specimens which were so classified. 
Ruge reported the greatest incidence of spiral 
junctions (37 per cent); McWhorter and 
Thompson found the posterior spiral type to 
be more frequent than the anterior. Lurje 
(1937) suggested separate grouping of the 
posterior (quarter turn) insertions and found 
that this type made up 15.5 per cent of his 
entire series. 

There were 6 examples of spiral insertions 
in the present authors’ lot of specimens (17.1 
per cent). Of these, 5 were posterior and 1 was 
anterior. In addition, 4 specimens presented 
acute angular junction with insertion toward 
the posterior surface of the common hepatic 
duct. Little, if any, parallelism existed in the 
spiral insertions found in the present group.’ 

Irom a review of the literature it would ap- 
pear that the common hepatic and left hepatic 
arteries course entirely to the left of the com- 
mon hepatic duct in 96 to 98 per cent of speci- 
mens, and that the right hepatic artery crosses 
posteriorly in approximately 60 to 78 per cent 
of cases, and anterior to the duct in 12 to 15 
per cent. By the same authorities it is made 
apparent that the portal vein is posterior to 
the duct in the majority of bodies, but often 
runs entirely to the left of the duct in a poste- 
rior plane. Thompson estimates the incidence 
of anterior vascular relationships at approxi- 
mately 30 per cent. Posterior vascular rela- 
tionships occurred in 40 of Thompson’s 50 
dissections (80 per cent), while Daseler and 
his associates found them present in only 67.4 
per cent. The neck of the gallbladder may 
overlie the upper end of the common hepatic 
duct, but more commonly comes into contact 





'The variability in reports of previous investigators was un- 
doubtedly due in part to the mobility of the ducts after dissection 
Rotation of the dissected common hepatic and common bile 
ducts is easily accomplished by traction on the gallbladder or 
cystic duct, thereby changing a spiral (anterior or posterior) 
into an acute angular junction. 


JOHNSTON et at.: FORMATION AND VASCULAR RELATIONS OF BILE DUCTS 677 


with the right hepatic duct and artery. Several 
instances of adherence of the medial aspect 
of an inflamed gallbladder to the common 
hepatic duct have been reported by Stetten 
(1923). 

Vessels crossing the anterior surface of the 
hepatic duct include the cystic artery (re- 
ports of incidence varying from 15 to 24 per 
cent), the right hepatic artery (11 to 19 per 
cent), and occasionally the common hepatic 
artery (o to 4 per cent). 

Anterior vascular relationships were present 
in a total of 15 specimens in the present group 
(43 per cent). Both the right hepatic artery 
and the cystic artery were anterior to the 
common hepatic in a single specimen, in which 
the cystic artery arose from a tortuous right 
hepatic artery directly anterior to the duct. 
The cystic artery crossed the duct anteriorly 
in 10 other specimens (28.5 per cent), the 
right hepatic artery did so in 4 instances 
(11.4 per cent; Fig. 3b). 

Posterior vascular relationships are quite 
common, the right hepatic crossing behind the 
duct in 65 per cent of the series described by 
Daseler and coauthors and 78 per cent of the 
509 collected by Thompson. The cystic ar- 
tery, or, more commonly the accessory cystic 
vessels, course posterior to this duct in a 
small number of specimens, but reports vary 
to such a degree (Browne, 0.7 per cent; 
McWhorter, 16 per cent) that no accurate 
estimate can be made. Browne found only 2 
instances in 280 specimens, while Daseler and 
his associates found 12 in 500 bodies (2.4 per 
cent). 

The cystic artery crossed posterior to the 
common hepatic duct in only 1 specimen (2.9 
per cent) where it arose directly posterior to 
the duct, as is considered the normal arrange- 
ment (Fig. 3a). Direct posterior vascular re- 
lationships were, therefore, present in 74.3 
per cent of the cases (including the tortuous 
right hepatic artery mentioned). 

There were 4 specimens in the present 
authors’ series in which an accessory right 
hepatic artery crossed behind the portal vein 
and common bile duct to reach the posterolat- 
eral aspect of the common hepatic duct, and 
3 in which a replacing right hepatic artery pre- 
sented a similar relationship (Fig. 4b). Thus 
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20 per cent of the bodies studied possessed a 
large artery of so-called anomalous origin 
which came into close approximation with 
the common hepatic duct. 

Discussion of the vessels about the common 
hepatic duct must include consideration of the 
patterns of origin of the cystic artery from the 
right hepatic artery. In 14 of the 24 specimens 
the cystic arose on the posterolateral aspect 
of the common hepatic duct. In the other 9 
specimens, the cystic artery arose proximal 
to this site and crossed the duct anteriorly 
(25.7 per cent). The right hepatic artery 
crossed anterior to the duct in 4 specimens 
(11.4 per cent), the cystic artery arising to the 
right of the duct in 3 of these specimens. In 
the fourth, both the right hepatic and the 
cystic artery crossed the duct anteriorly. 

In a single specimen a tortuous right hepat- 
ic artery crossed to the anterior surface of 
the common hepatic duct, gave rise to the 
cystic artery at this point, then returned to 
the duct and finally ran posterior thereto in 
reaching the right lobe of the liver. In an- 
other instance, the right hepatic crossed poste- 
rior to the point of union of a pair of large 
hepatic ducts, gave rise to the cystic artery 
at this point, the latter vessel coursing be- 
tween the ducts to reach the gallbladder (Fig. 
4a). The remaining specimens were of the 
type in which the main cystic artery arose 
from an aberrant right hepatic artery close to 
the posterolateral aspect of the common 
hepatic duct (14.3 per cent).' 

Right and left hepatic ducts. These ducts, as 
previously noted, joined extrahepatically in 
33 of the 35 specimens. In the remaining 2 
specimens, the livers were enlarged; hence 
there was found no true intrahepatic junction 
of the hepatic ducts. The latter situation has 
been considered to occur in approximately 9 
per cent of specimens (Thompson). 

The point of junction of the main hepatic 
ducts was found to lie within 0.25 to 2.5 

1The common hepatic duct has another occasional relationship 
about which little comment is made in the literature. In 2 
specimens an anomalous lobe of the pancreas paralleled the 
biliary ducts and extended upward to the hilum of the liver (5.7 
per cent). This accessory lobe was grossly identifiable as pan- 
creatic tissue and was continuous with the head of the pancreas, 
which appeared otherwise normal in both instances. The hepatic 
artery proper was enclosed within the pancreatic lobe in one and 


coursed posterior to it in the other. The common bile and com- 
mon hepatic ducts were lateral in both specimens. 
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centimeters of the hepatic tissue within the 
hilum of the liver (81 per cent between 0.75 
and 1.5 cm.). Retraction of portions of the 
liver surrounding and partially overhanging 
the hilum was sometimes necessary in order to 
expose the so-called extrahepatic junction of 
the ducts. The comparative lengths of the 
left and right hepatic ducts were measured 
from the point at which they emerged from 
the liver substance to their point of junction, 
The right hepatic duct varied from 0.25 to 
2.5 centimeters in length with a mode of 1.0 
centimeter (14 specimens); the average was 
0.98 centimeter, and 83 per cent measured 
between o.5 and 1.0centimeter. The left hepat- 
ic duct tended to be of slightly greater 
length in many specimens, due to its more 
oblique course. The extremes in its length 
were 0.5 to 3.0 centimeters (the mode being 
1.0 cm., and the average 1.2 cm.); in 83 per 
cent of cases, the left hepatic duct measured 
between 0.5 to 1.5 centimeters. 

Very little has been written about the hepat- 
ic ducts as they emerge from the hilum. The 
BNA terminology contains no definite desig- 
nation for these ducts, the omission probably 
being due to the early teaching that these 
ducts, as definite entities, are frequently ab- 
sent, 3 or more ducts coming together to form 
the common hepatic duct (Thompson). The 
latter author believed that definite right and 
left ducts were present outside of the liver in 
approximately 90 per cent of specimens. In 
the remainder of the specimens there occurred 
either an intrahepatic juncture, or formation 
of the common hepatic duct by the confluence 
of more than 2 ducts emerging from the hilum. 
Thompson made no mention of the occurrence 
of accessory intrahilar ducts. 

Ruge’s early study of the bile ducts contains 
his observations on 12 specimens in which the 
common hepatic duct arose from 3 hepatic 
ducts (g instances) or 5 main ducts (3 in- 
stances) which joined in the hilum, outside 
of the hepatic parenchyma. He compared the 
triple type to the situation in the majority 
of mammals in which there is often found a 
middle hepatic duct. Ruge’s observations in- 
dicated that the “middle” hepatic duct in 
man most often drained the region of the 
quadrate lobe. 
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Descomps and de Lalaubie (1910) describe 
and illustrate a single case in which there were 
4 main hepatic ducts, 2 equal size ducts from 
each major lobe of the liver, and 3 instances 
of 3 hepatic ducts. Kunze records 1 specimen 
with 3 hepatic ducts, and 1 with 4 ducts. 

In classifying these reports in the more re- 
cent literature, there has been a tendency to 
group such specimens with those in which 
there are 2 main hepatic ducts and addition- 
ally small accessory ducts. The present 
authors have not been able to find any dis- 
cussion on the frequency of occurrence of 
“middle” hepatic ducts extrahepatically, or 
in the intrahilar area where they were found. 

The common hepatic duct was formed by 
the extrahepatic junction of definite right and 
left hepatic ducts in 32 specimens. Large 
hepatic ducts, 3 in number (2 from the right 
lobe), were present in 1 specimen; the left 
and middle ducts joined initially, the cystic 
duct then joined this trunk, and the large duct 
from the right lobe joined the common bile 
duct (Fig. 4a).! This was the only specimen 
in which the common hepatic was absent (2.9 
per cent). There were no instances in which 
the cystic duct joined the right hepatic duct 
or the point of junction of the hepatic ducts, 
although such types have been reported by 
other writers as an occasional occurrence. 

As the ducts emerge from the hilum, they 
are separated from the adjacent arteries and 
veins by areolar tissue which encloses all of 
the structures within the hepatoduodenal 
ligament and fills the intervals between them. 
The ducts themselves are immediately en- 
closed in a dense fibrous sheath. The condensa- 
tion of connective tissue about the duct sys- 
tem of the liver begins with the smaller bile 
canaliculi; it then accompanies the ducts as 
they emerge from the parenchyma into the 
hilum, covering the right and left hepatic 
ducts, and bridging the angle formed by the 
converging right and left hepatic ducts. The 
junction of the ducts is thus partially hidden 
from view by the sheath which extends down- 
ward onto the common hepatic duct, to be 
lost in the outermost layer of this structure. 
The distinction between the strong and ad- 


‘Some investigators would consider this an example of an 
accessory right hepatic duct. 


herent sheath of the hepatic ducts and the 
diffuse areolar tissue which encloses all of 
the structures in the hepatoduodenal ligament 
is an important, yet neglected, feature. 

The relationships of the structures close to 
the hilum of the liver are conventionally de- 
scribed as follows: the common hepatic duct 
lies to the right and is anterior to branches of 
the right hepatic artery in many instances; 
posteriorly, just anterior to the papillary 
process of the caudate lobe, the portal vein 
approaches the hilum and splits into a left 
and right branch which are covered by the 
ramifications of the hepatic arteries and ducts. 
The left branch of the portal vein enters the 
liver in the umbilical fissure at a point be- 
tween the caudate and quadrate lobes. 

According to Cole and coauthors the right 
branch enters the liver fully 2 inches to the 
right of the left branch and 1% to 1 inch poste- 
rior. They place the hepatic arteries at points 
slightly anterior to the respective branches 
of the vein, and hepatic duct midway between 
the branches of the portal vein but slightly 
anterior to a line drawn between them. 

The hepatic ducts thus lie anterior to the 
vessels at the hilum of the liver. Anterior 
vascular relationships are, fortunately, quite 
rare. Lurje described the infundibulum of the 
gallbladder as overlying the structures at the 
upper end of the hepatoduodenal ligament in 
58 per cent of his specimens, usually over the 
right branch of the portal vein and the rami- 
fications of the right hepatic artery. In only a 
single specimen in the present series did an 
artery cross anterior to a right hepatic duct, 
the cystic duct having arisen between the 
left and “middle” hepatic ducts. The right 
hepatic artery crossed posterior to the junc- 
tion of the latter two hepatic ducts. In 5 other 
specimens, the right hepatic artery crossed 
posterior to the upper end of the common 
hepatic duct very near its formation, the ar- 
tery lying posterior to the junction of the left 
and right hepatic ducts in part, in 2 of the 5. 
Major arteries were, therefore, related to the 
junction of the hepatic ducts or the first 1.5 
centimeters of the common hepatic duct in 6 
specimens, anteriorly and posteriorly in 1 
specimen (2.9 per cent), and posteriorly in 5 
specimens (14.3 per cent). 
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In examining Thompson’s account of the 
hepatic anatomy in 50 specimens, only 2 in- 
stances of anterior arterial relationships oc- 
curred. In 1 specimen the cystic artery crossed 
between the right and left hepatic ducts, 
coursing anterior to the right hepatic duct, 
much as in the specimen described. Rio 
Branco’s incidence of this type was 10 per 
cent. In the other instance, an accessory cystic 
artery ran anterior to both hepatic ducts. In 
30 figures of Kehr’s, there were only 2 an- 
terior arterial relationships; in 1 of these, a 
branch of the left hepatic artery crossed a 
low-joining hepatic duct; in the other, the 
right hepatic artery crossed the upper end of 
the common hepatic duct. In the total of 115 
specimens (including the present authors’ 35), 
there were only 5 instances of arteries present- 
ing anterior relationships to the right and left 
hepatic ducts to their junction, or to the first 
1.5 centimeters of the common hepatic duct 
(4.4 per cent). 

The hepatic arteries otherwise presented a 
lateral and posteroinferior relationship to the 
hepatic ducts. The terminal extrahepatic 
branches of the right hepatic artery were 
lateral, while the left hepatic artery branches 
lay medial to the corresponding hepatic ducts 
as they entered the hilum of the liver. This 
relationship obtained in the first 2 centimeters 
of the intrahepatic course in 7 out of the 10 
specimens in which an intrahilar dissection 
was carried out. In 3 specimens a small 
branch of the right hepatic artery coursed 
medialward, crossing the posteroinferior as- 
pect of the right hepatic duct or one of its 
tributaries. The portal vein maintained its 
posterior relation to ducts into the hilum. 

The right and left hepatic arteries frequent- 
ly subdivided into two or more branches be- 
fore entering the hilum. Descomps and de 
Lalaubie listed the extent of extrahepatic 
branching and distribution for both the right 
and left hepatic arteries in 100 specimens. 
The right hepatic entered the liver as 3 
branches in 42 per cent, 2 branches in 26 per 
cent, 4 branches in 16 per cent, 5 branches in 6 
per cent, and a single branch in only 4 per 
cent. This vessel coursed to the right lobe 
only in 62 per cent and sent an additional 
branch to the left lobe of the liver in 34 per 
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cent. The left hepatic artery entered the liver 
as 2 branches in 36 per cent, a single branch in 
22 per cent, 3 branches in 22 per cent, 4 
branches in 12 per cent, and 5 branches in 8 
per cent. This artery was distributed (extra- 
hepatically) to the left lobe only in 76 per 
cent, sent an additional branch to the caudate 
lobe in 12 per cent, or to the quadrate lobe 
(10 per cent). 

The portal vein branched into a right and 
left trunk in all of the present authors’ speci- 
mens. There were no extrahilar divisions of 
these trunks. Descomps and de Lalaubie re- 
ported a bifurcation of the right branch of this 
vein in 12 per cent, while Cole and coauthors 
described the vein as entering the hilum as a 
single trunk in 1o per cent of specimens. 

The topography of the anterior surface of 
the liver was studied in an attempt to deter- 
mine whether definite landmarks were present 
which would aid the surgeon in locating a 
common hepatic duct remnant or stump. 
Many depend upon the aspiration of bile from 
the area near the hilum of the liver or blood 
from the portal vein when the landmarks 
within the hepatoduodenal ligament are oblit- 
erated by scar tissue. 

The quadrate lobe of the liver extends from 
the umbilical fossa, which contains the falci- 
form ligament, to the medial edge of the fossa 
of the gallbladder (Fig. 2a). This lobe varies 
in width and configuration as the gallbladder 
fossa varies in location and obliquity. Its 
hilar margin presents a somewhat rounded 
apex in the great majority of specimens. The 
width of the quadrate lobe was recorded in 33 
specimens. The mean width was 4.0 centime- 
ters, the extremes in width 1.0 to 8.0 centi- 
meters, with 88 per cent between 2.0 and 6.0 
centimeters. 

The relationship of the converging hepatic 
ducts and the upper end of the common 
hepatic duct to the hilum of the liver is not 
easily altered, due to the strong sheath about 
the ducts and the connective tissue binding 
them to the adjacent vessels. Previous trauma 
or inflammatory processes should have little 
effect upon the location of the ducts or por- 
tions thereof near the hilar region. 

The point at which the common hepatic 
duct was formed by the converging hepatic 














ducts was noted in relation to the hilar “‘apex”’ 
of the quadrate lobe. The junction was located 
at the apex in 18 out of 33 specimens (54.5 per 
cent, Fig. 2a), and was 0.5 to 1 centimeter to 
the right of the apex in 11 additional speci- 
mens (33.3 per cent). Thus, in 88 per cent of 
the specimens the superior extremity of the 
common hepatic duct was at the midpoint of 
the hilar margin of the quadrate lobe, or 
within 1 centimeter, toward the gallbladder 
fossa. In only 4 instances (12 per cent) did 
the ducts emerge closer to the gallbladder 
fossa than to the apex of the quadrate lobe 
(Fig. 2b) and in 3 of these, the quadrate lobe 
was so narrow that they did not lie more than 
1.5 centimeters from its apex. In no specimen 
did the common hepatic duct leave the hilar 
region more than o.5 centimeter to the left 
of the hilar apex of the quadrate lobe. 

The right hepatic duct courses laterally to 
become truly intrahepatic very close to the 
base of the fossa for the gallbladder. The left 
hepatic duct runs medialward to the umbilical 
i fossa before penetrating deeply into the left 
lobe of the liver. The intrahilar course of 

these ducts may be estimated from the width 
of the quadrate lobe. 

Of interest to the surgeon who sometimes 
finds it necessary to insert tubes into the 
right and left hepatic ducts is the occurrence 
of not only accessory extrahepatic ducts (dis- 
cussed hereinafter), but also of ducts which 
join the main hepatic ducts within the first 2 
centimeters of their intrahepatic course. 

The hilar area of the liver was subjected to 
further study in ro specimens, and it was 
found that there were one or two ducts joining 
the point of confluence of the main right and 
left hepatic ducts in 5 specimens (50 per cent). 
These tributaries emptied into the angle 
formed by the converging ducts in a plane 
parallel to that of the departing common 
hepatic duct and were one-half to one-third 
the diameter of the main ducts. Specifically, 
there was a single tributary emptying into the 
angle in 4 (Fig. 3a) and 2 tributaries in 1 
specimen (Fig. 3c). These ducts were intra- 
hilar and seemed to drain the area of the 

quadrate lobe. They may well represent the 
“middle” hepatic duct seen rarely outside of 
the hilum, as described by Ruge. 
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TABLE V.—FREQUENCY OF OCCURRENCE OF 
ACCESSORY HEPATIC DUCTS 


No. of No. of Percentage 

Author specimens accessory ducts occurrence 
RIMNMON ae Fe ceee ss 57 5 9 
MONOD 6 acct enncceatees 100 I I 
Descomps and de Lalaubie. 50 10 20 
BIMSHNME Ns <a. sicic 3 «cases 100 ° ° 
WNURied Sakcccinec ica taste 200 29 15 
McWhorter........ ee 37 I 3 
MINNA ste ted oc Frenne 40 10 25 
Lo eee area 43 II 26 
"REMERON cein'e ss. ees 5 50 3 6 
| 5 err arenes 194 22 II 
MMO NEarncaens ae cern wns 200 36 18 
Johnston and Anson...... 35 II 31 


In addition, the right hepatic duct received 
a tributary of moderate size within the first 
centimeter of its intrahepatic course in 3 
specimens (30 per cent, Fig. 3b); the left 
hepatic duct received none. The single speci- 
men in which 2 additional ducts drained into 
the angle also possessed a tributary of the 
right hepatic duct and is, therefore, included 
in both groups (Figs. 3b and 3c). In only 3 
out of the 10 specimens the right and left 
hepatic ducts were single channels from their 
juncture to 2 centimeters within the hepatic 
tissue. Although such a small group of speci- 
mens will not permit prediction of probable 
occurrence of types, it should serve to bring 
to attention the frequency of accessory intra- 
hilar hepatic ducts and branches. 

The anomalies of the hepatic ducts include 
termination of the right hepatic duct in the 
gallbladder at its liver bed (as in Kehr’s 
Fig. 62c), or in the cystic duct (both extreme- 
ly rare). Accessory hepatic ducts are derived 
more frequently from the right lobe. of the 
liver than from the left; they drain at varying 
levels into the right hepatic, the cystic, or the 
common hepatic duct. Flint states that these 
accessory ducts leave the liver at the extreme 
right end of the portal fissure, and lying at 
first on a deeper plane than the cystic duct, 
course downward in a course anterior to the 
right hepatic artery. Flint divided these 
ducts into three groups dependent upon their 
level of junction: junction with the right hepa- 
tic duct or the upper half of the common 
hepatic duct (9 of the 29 accessory ducts ob- 
served in his 200 dissections); junction with 
the lower half of the common hepatic duct 
(9 examples) ; junction at the confluent point 
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of cystic and common hepatic ducts (10 of 
29). 
Accessory ducts of the first type are ob- 
viously of less interest to the surgeon carrying 
out a cholecystectomy than those in the other 
two categories, but the presence and location 
of emergence of these accessory ducts are im- 
portant to the surgeon in seeking the stump 
of the hepatic duct in the hilar area. Their 
size varies from that of the normal hepatic 
ducts to the caliber of a minute twig. Kunze’s 
Figure 4 shows an accessory duct leaving the 
right lobe of the liver lateral to the fossa for 
the gallbladder.’ 

Thompson collected 51 examples of acces- 
sory ducts and found that 47 (92 per cent) 
arose from the right lobe. Table V shows the 
overall incidence of accessory hepatic ducts 
and demonstrates the extreme variation be- 
tween individual reports.’ 

The present writers found 11 examples of 
accessory hepatic ducts, not including the 
intrahilar tributaries already described. Such 
incidence is very high (31.4 per cent); it rep- 
resents the results of very careful dissection of 
the proximal end of the biliary ducts, includ- 
ing the tracing of these small structures into 
the hilar and intrahepatic areas. 


Of the 11 accessory ducts, 5 were of a type 
hitherto undescribed, although Thompson’s 
Figures to and 20 show an accessory duct 
which might have proved to be of this type 
had they been traced further into the hilum. 


'Less frequently observed variations include small accessory 
ducts from the left lobe of the liver joining the left hepatic duct 
(Beaver 1929), double accessory right ducts draining into the right 
hepatic or common hepatic duct, and double accessories, one 
right and one left accessory duct (latter 2 examples reported 
by Descomps and de Lalaubie). 

°The variance in reports may depend upon the method em- 
ployed and upon thoroughness of the dissection. Mentzer found 
8 examples of cyst-hepatic ducts (those hepatic ducts draining 
into the side of the gallbladder or into the cystic duct) in 96 
dissections (8.3 per cent), a much higher incidence for this 
particular accessory duct than reported elsewhere. He stated 
that many small ducts were grossly indistinguishable from small 
veins draining the gallbladder and felt that microscopic examina- 
tion of sections of these small structures was necessary to arrive 
at a true value of their incidence. Mentzer is one of the few 
authors who has called attention to the difficulty of identifying, 
by gross means, the small, duct-like structures from the gall- 
bladder or cystic duct to the gallbladder fossa or hilum of the 
liver. There will be little agreement among results of various 
authors until the specimens of gross dissection are subjected to 
microscopic examination. 

In 3 of the present authors’ specimens, this technique was used 
merely to corroborate the gross identification. One of the vein- 
like structures which ran from the cystic duct deep into the 
hilum and right lobe of the liver was a very small artery (diame- 
ter 1 mm.) with two accompanying veins. 
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In these instances, the small duct arose from 
the right hepatic duct, coursed lateral to a 
major artery, and rejoined the common hepa- 
tic duct or the right hepatic duct. The acces- 
sory channel was separated from the junction 
of the hepatic ducts by the right hepatic ar- 
tery in 3 (Fig. 3b), an accessory right hepatic 
artery in 1, and the cystic artery in the re- 
maining instance (Fig. 4b). The latter artery 
arose from the right hepatic very close to this 
channel in all of these. Were this type of 
duct classified as an accessory biliary channel 
rather than as a true accessory duct from the 
liver substance, current incidence would be 
more in keeping with previous reports (17 per 
cent). In 1 of the 5 specimens there occurred 
both this type of accessory duct and a duct 
from the right lobe of the liver to the common 
hepatic (Fig. 3b). 

The accessory right hepatic duct ran from 
the right lobe or the liver to the cystic duct in 
4 instances (Fig. 4c). In 1 specimen a single 
accessory duct joined the common hepatic 
duct (Fig. 4d). The final example of an ac- 
cessory right hepatic duct has already been 
described as the instance in which the common 
hepatic duct was absent; a very large acces- 
sory duct joined the common bile duct (Fig. 
4a). The accessory ducts came into close con- 
tact with the posterior surface of the cystic 
duct in the last 2 specimens. 

No instance of accessory left hepatic duct 
occurred in the 35 specimens. There were 2 
small duct-like structures from the right lobe 
which could not be definitely classified as 
either veins or ducts, and in g specimens small 
veins were present in the distribution area of 
accessory right hepatic ducts. These were clas- 
sified as such on the basis of their superficial 
distribution on the cystic duct or gallbladder, 
or drainage into a branch of the portal vein 
intrahepatically. It would seem that the regu- 
larly described scheme of venous drainage of 
the gallbladder, by veins which join the hilar 
or extrahepatic course of the right portal 
vein, does not occur in most specimens. More 
commonly, the veins of the gallbladder drain 
into a small ascending trunk, which, arising 
in the pancreatic area and paralleling the 
portal vein on its lateral aspect, enter the 
hilum and hepatic tissue separately, or by 
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short veins which reach the fossa of the gall- 
bladder or the lateral angle of the hilum of the 
liver. 

The cystic duct, gallbladder, and hepatic 
arteries were studied in the 35 specimens, the 
results of which will be presented briefly for 
the purpose of inclusion in any future compila- 
tion studies of the area. 

Cystic duct. The cystic duct is a tube of 
variable length, size, and course. Because of 
its considerable clinical importance, structure, 
and relationships of the duct have been ac- 
corded repeated emphasis in the literature. 
The pitfalls presented to the surgeon by the 
close proximity of such structures as the 
hepatic artery or accessory ducts have been 
discussed frequently. 

The length of the cystic duct in 35 speci- 
mens varied from 1.5 to 4.0 centimeters (be- 
fore separation, in cases of parallelism), giving 
a mean value of 2.7 centimeters. The same 
factor of increased length, after careful sepa- 
ration of the cystic from the common hepatic 
duct, applies to the former duct (shown for 
the latter in Table IT). The longest cystic 
duct was 6.0 centimeters (after separation). 
Lander and coauthors found that the major- 
ity fell within 1.0 to 3.0 centimeters, and 
listed the extremes as 0.5 to 4.5 centimeters. 
Brewer reported a range of 0.5 to 2.5 inches 
(1.3 cm. to 6.5 cm.) with an average of 1.2 
inches (3.0 cm.). McWhorter found an average 
length of 2.5 centimeters in 35 specimens. In 
general, the recorded figures center about a 
mean length of 2.0 to 3.0 centimeters before 
separation of the long or short parallel types 
of junction, 

The vascular relationships to the cystic 
duct have been presented by many authors. 
The combined figures of Brewer and Thomp- 
son (totalling 100 specimens) indicated an- 
terior arterial relationships in 20 to 28 per 
cent and posterior arterial relationships in 18 
per cent. A pair of arteries, anterior and poste- 
rior to the duct, occurred in 3 of Brewer’s 50 
specimens. 

In 18 specimens (51.4 per cent) of the au- 
thors’ series the duct possessed no arterial 
relationships. In 9 specimens (25.7 per cent) 
the cystic artery lay in close anterior approxi- 
mation to the duct, lying anterior and superior 


(cephalad) to the duct in a somewhat parallel 
course. In 2 of the 9 specimens the duct had 
posterior arterial relationships, anterior and 
posterior arterial relationships thus existing 
in 5.7 per cent. The posterior vessels were an 
accessory right hepatic and a very tortuous 
right hepatic in a single instance each. 

Posteriorly the accessory right hepatic 
coursed close to the cystic duct in all 4 speci- 
mens in which it occurred, and 2 of the 3 re- 
placing right hepatic arteries did the same, the 
other replacing vessel coursing further medi- 
ally. The right hepatic branch of the common 
hepatic artery coursed posterior to the cystic 
duct in a single specimen, and the cystic ar- 
tery paralleled the duct posteriorly in an- 
other. In 2 specimens, 1 of which has already 
been described as having both anterior and 
posterior arteries, the right hepatic artery 
presented a tortuous course with the forma- 
tion of a small loop in and about the angle 
between the cystic and common hepatic 
ducts. The relationship of the cystic duct to 
accessory hepatic ducts has been discussed in 
a previous paragraph. 

The cystic artery has already been discussed 
in respect to its relationship to the common 
hepatic duct and in regard to its mode of ori- 
gin. In the present authors’ series, 25 instances 
(71.4 per cent) were encountered in which a 
single cystic artery arose from the right 
hepatic. In only 6 specimens (17.1 per cent) 2 
cystic arteries were present; both arose from 
the right hepatic artery in 4 of these, both 
from the accessory right hepatic artery in 1; 
in another specimen an accessory cystic artery 
arose from the appendiceal artery (the vermi- 
form process being bound to the gallbladder 
by adhesions), the other cystic artery arising 
in the regular way from the right hepatic. In 
4 cases (11.4 per cent of the total group) the 
single cystic artery was of the replacing type; 
of these, 3 arose from replacing right hepatics 
and 1 from an accessory right hepatic. The 
cystic artery arose typically as a single branch 
of the right hepatic in the angle between the 
cystic and common hepatic ducts (Calot’s 
triangle) in only 14 of the 24 specimens (40 
per cent) in which the latter vessel had crossed 
posterior to the common hepatic duct in the 
manner regarded as typical. 
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Gallbladder. The vesica fellea exhibits very 
few major anomalies in man. Variations in its 
position on the inferior surface of the liver, 
degree of intrahepatic location, extent of 
peritoneal investment, congenital absence, 
and reduplication (partial or complete) have 
been reported. Boyden has reviewed this 
subject thoroughly and related the anomalies 
in man to the various types of gallbladder 
found normally in many of the domestic ani- 
mals. Schachner collected 11 reports of gall- 
bladders located to the left of the round liga- 
ment of the liver. Intrahepatic or buried gall- 
bladders have been reported in a number of 
specimens. 

Neither of the latter variations occurred in 
the present series, although it was observed 
that the depth of the fossa for the gallbladder 
varied from 0.25 to 2.0 centimeters. The usual 
extent of peritoneal investment (two-thirds to 
three-fourths of the anterior surface of the 
gallbladder) would represent in 20 of the 30 
specimens (67 per cent) in which this feature 
was recorded. More than three-fourths of the 
surface was in contact with peritoneum in 3 
specimens (10 per cent), 1 of these having a 
mesentery-like attachment to the liver in the 
anterior portion. In 7 cases the gallbladder 
had less than two-thirds of the area covered; 
in 2 instances of these, as little as one-tenth 
of the surface was covered by peritoneum. 

The relationship of the anterior tip of the 
gallbladder to the anterior margin of the right 
lobe of the liver has been recorded by several 
authors, Lurje (1937) classifying them as 
supramarginal (not extending downward to 
the free edge of the liver), marginal, and infra- 
marginal (pendent below the free edge of the 
liver, and hence more easily palpable). The 
present authors classified 17 of 29 of their 
specimens as inframarginal (58.5 per cent), 8 
as marginal (27.6 per cent), and only 4 as 
supramarginal (13.8 per cent). Lurje’s figures 
were 53.1 per cent, 13.9 per cent and 33 per 
cent, respectively, for these types. 

Attachments of the gallbladder to the ad- 
jacent transverse mesocolon occurred in 12 
specimens, to the duodenum in 2, and to the 
appendix and highlying cecum in 1 specimen. 
Neither medial displacement of the gallblad- 
der nor duplication of vesica fellea was seen. 
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HEPATIC AND RELATED ARTERIES 

Hepatic artery proper. This vessel arose 
from the celiac artery in all specimens of the 
current series. The vessel was absent as such 
in the 3 specimens in which a replacing right 
hepatic artery arose from the celiac or the 
superior mesenteric artery (2 specimens and 1 
case, respectively) ; a hepatic proper and com- 
mon hepatic were present, but in each case, 
continued as the left hepatic artery only. 

Gastroduodenal artery. This artery of supply 
to the stomach and duodenum arose from the 
hepatic proper in all of the specimens studied. 

Common hepatic artery. The common hepa- 
tic is the continuation of the hepatic proper 
after the latter has given rise. to the gastro- 
duodenal artery. The common hepatic was 
present as such in 32 specimens (91.4 per 
cent), giving rise to both left and right hepatic 
branches. It gave origin to left hepatic 
branches only in 2, and in a single unusual 
specimen gave rise to a vessel which entered 
the medial border of quadrate lobe only, the 
two main lobes then receiving their arterial 
supply from a replacing right hepatic and an 
accessory left hepatic. The common hepatic 
was very short (0.25 to 1.5 cm.) in 7 speci- 
mens. 

Right gastric artery. The gastric artery on the 
right arose from the common hepatic artery 
and thus distal to the origin of the gastro- 
duodenal, in 18 out of 31 vessels recorded 
(58.1 per cent). The artery originated in a 
common trunk with the left hepatic artery in 
9 specimens, from the continuation of a hepa- 
tic proper vessel going entirely to the left 
lobe of the liver in 2 (6.5 per cent) and from 
the hepatic proper and gastroduodenal ar- 
teries in a single instance each (3.2 per cent). 
There was only 1 example of an accessory 
right gastric, this branch arising from the 
accessory left hepatic artery. 

Left hepatic artery. The left hepatic was 
present as a branch of the typical common 
hepatic in 32 specimens (91.4 per cent), the 
so-called common hepatic giving rise in the 
remaining 3 to the left hepatic artery branches 
solely. An accessory left hepatic artery was 
present in 9 specimens (22.9 per cent), arising 
as a single vessel from the left gastric artery 
in every instance. 
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Right hepatic artery. The right hepatic took 
origin from the common hepatic in 32 of the 
35 specimens (91.4 per cent). An accessory 
right hepatic artery was present in 4 of these 
specimens, arising from the superior mesen- 
teric artery in each instance. In 3 specimens 
the right lobe of the liver received its entire 
arterial supply from a replacing right hepatic 
vessel. In 2 cases the replacing vessels arose 
from the celiac axis, in 1 from the superior 
mesenteric artery. Aberrant right hepatic ar- 
teries were, therefore, present in 20 per cent 
of the authors’ specimens, taking origin from 
the superior mesenteric artery in 14.3 per 
cent, the celiac axis in 5.7 per cent. 


SUMMARY 


The supraduodenal portion of the common 
bile duct was absent as such, due to a low in- 
sertion of the cystic duct in 20 per cent. 
Supraduodenal arterial relationships were pres- 
ent anteriorly in 20 per cent; the posterior 
superior pancreaticoduodenal artery crossed 
the retroduodenal portion of the duct in 80 
per cent of the authors’ specimens. In 6 of 7 
cases of aberrant right hepatic arteries, the 
vessel crossed close to the posterolateral as- 
pect of the common duct. 

The common hepatic duct was joined by the 
cystic duct at an acute angle in 63 per cent 
of cases. A short parallel type junction was 
present in 20 per cent, a spiral type in 17 per 
cent. The hepatic duct was absent as such in 
only a single specimen (2.9 per cent). In rela- 
tion to the duct, arteries were present an- 
teriorly in 43 per cent, posteriorly in 74.3 per 
cent, and aberrant right hepatics postero- 
lateral to the duct in 20 per cent. 

The junction of the right and left hepatic 
ducts occurred extrahepatically in 94.3 per 
cent of specimens, the junction taking place 
from 0.75 to 1.5 centimeters away from the 
hepatic tissue within the hilum in the majority 
of specimens. The left hepatic duct tended to 
be slightly longer than the right. 

Regarding the relationship of the structures 
at the hilum of the liver, it may be said in 
summary that arterial branches were anterior 
to the hepatic ducts or the first 1.5 centimeters 
of the common hepatic duct in only 1 speci- 
men (2.9 per cent); the arteries were almost 


always situated to the outer side of the corre- 
sponding duct (medial to the left and lateral 
to the right hepatic duct), the portal vein 
subdivisions posterior. 

The quadrate lobe was found to range from 
2.0 to 6.0 centimeters in width in majority 
of specimens (mean width, 4.0 cm.). The 
emergence of converging right and left hepatic 
ducts of the common hepatic duct was found 
to occur opposite the midpoint of the hilar 
margin (often apical in contour) of this lobe in 
54.5 per cent and within 1.0 centimeter to the 
right in an additional 33.3 per cent. In 3 of 
the 4 specimens in which the ducts emerged 
nearer the gallbladder fossa than the first- 
named site, the apex of the quadrate lobe was 
very narrow and the ducts did not lie more 
than 1.5 centimeters from its apex. 

Accessory intrahilar hepatic ducts drained 
into the angle of the confluent right and left 
hepatic ducts in 50 per cent of ro intrahilar 
dissections. A tributary of moderate size 
joined the right hepatic duct within the first 
centimeter of its intrahepatic course in 3 speci- 
mens (30 per cent). Only 3 of the 10 specimens 
exhibited right and left hepatic ducts which 
did not receive accessory “middle” hepatic 
ducts, or significant tributaries in the first 
2.0 centimeters of their intrahepatic course. 

Extrahepatic accessory ducts were present 
in 31 per cent, all from the right lobe of the 
liver or the right hepatic duct. 

The hepatic arteries, the cystic duct and 
gallbladder have been discussed briefly. 

Anatomically the quadrate lobe would ap- 
pear to be of aid in locating the emergence of 
the hepatic ducts from the hilum of the liver 
when the structures within the hepatoduo- 
denal ligament are obscured by scar tissue. 
The relative infrequency of major arteries ly- 
ing anterior to the hepatic ducts near the 
hilum of the liver would suggest an approach 
which would follow the quadrate lobe closely, 
dorsalward to the hilar area. 
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A CLOSED GRAVITY TECHNIQUE FOR THE PRESERVA- 


TION OF WHOLE BLOOD IN ACD SOLUTION 
UTILIZING PLASTIC EQUIPMENT 


CARL W. WALTER, M.D., F.A.C.S., and WILLIAM P. MURPHY, JR., M.D., Boston, Massachusetts 


HE most significant contribution to 

the collection and storage of blood 

continues to be the use of ACD! as 

the anticoagulant and nutrient. Im- 
provements in technique to protect the donor, 
ensure maintenance of sterility, increase the 
stability of the blood,and make infusion more 
effective are desired. War and disaster intro- 
duce logistic problems to stimulate the search 
for more ideal blood handling equipment. New 
plastic equipment and a technique for the col- 
lection, storage, and infusion of blood exploit- 
ing the advantages of ACD are presented. 
Hematologic evidence supporting the advan- 
tages of this technique is presented else- 
where (1). 

The equipment, Figure 1, consists of a lami- 
nar flow phlebotomy needle, an integral donor 
tube and a collapsible bag of polyvinyl resin 
so designed that the unit is sterilized, assem- 
bled and filled, ready for use, by exposure to 
saturated steam at 121 degrees C. for 30 
minutes. 

Phlebotomy is accomplished with a specially 
ground and polished stainless steel (type 304) 
needle. The cannula extends through the en- 
tire hub. It is flared to meet the wall of the 
donor tube to preserve laminar flow and thus 
prevent platelet aggregation. This design also 
facilitates cleaning the needle for re-use. The 
molded nylon (type FM 3oor) hub has op- 
posed male ends tapered to fit and seize the 
plastic tubing and protective sheath. 

An adherent, hemorepellent film of tris (2 
hydroxyethyl) dodecyl amine is applied to the 
steel part of the needle to delay the initiation 
of clot formation. Blood will flow continu- 
ously for over 2 hours at the rate of 17 cubic 
centimeters per minute through a coated lami- 


From the Departments of Surgery and Medicine of the Har- 
vard Medical School and Peter Bent Brigham Hospital. 

1Trisodium citrate, 2.22 per cent; citric acid, 0.8 per cent; dex- 
trose, 2.45 per cent. 
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nar flow needle lying in an antecubital vein 
impelled by venous pressure alone (3). 

The polyvinyl resin is chemically inert to 
biologic fluids and is nonirritating to tissue. 
Its glossy surface is hemorepellent. Tubing 
made of it is elastic and flexible enough so that 
a needle lying in a vein will determine the po- 
sition of the tubing even though there is lim- 
ited motion of the vein. The plastic is clear, 
colorless, and transparent so that the provi- 
sion of viewing chambers is unnecessary. A 
0.4 millimeter film of this plastic is not an 
osmotic membrane; it is a bacterial barrier and 
transmits water vapor at the rate of 0.025 mil- 
ligram per square centimeter per 24 hours at 
20 degrees C. 

The tubing for the donor and recipient sets 
is extruded with a lumen 3 millimeters in di- 
ameter and a wall 0.5 millimeter thick. It can 
be sealed by internally generated heat applied 
as radio frequency energy or by setting an 
overhand knot tightly. 

The collection, storage, and administration 
of the blood is accomplished in a collapsible 
bladder made of 12.5 centimeter lay flat tub- 
ing 0.25 millimeter thick by fusing the ends 
and tubing entries. The blood is introduced 
into the bag through the 60 centimeter donor 
tube which is filled with anticoagulant solu- 
tion and occluded at its entry to the bag with 
a coated stainless steel sphere to prevent aspi- 
ration of air prior to phlebotomy. 

The blood or those fractions separable by 
gravity are removed from the bag through 
suitable delivery tubes. Externally these are 
similar and consist of two lengths of 6 milli- 
meter tubing 2.3 millimeters long sealed in the 
end of the bag. A diaphragm o.5 millimeter 
thick forms a barrier across the tubes 5 milli- 
meters from the open end. The outer ends of 
the tubes are enclosed in a closed pouch to 
prevent bacterial contamination. The redun- 
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dant plastic skirts on either side of the pockets 
bear data regarding the expiration date, group, 
and type of blood arranged so that appropri- 
ate characters can be punched out to leave 
indelible identification. The inner ends of the 
delivery tubes differ in that the one for plasma 
removal terminates in a simple throat; that 
for the removal of whole blood or cells extends 
4 centimeters into the bag and is perforated 
by 20 holes 2 millimeters in diameter to catch 
the gelatinous mass of red cells that occasion- 
ally forms during prolonged storage and pre- 
vents stoppage of tube connecting with filter. 

The assembled bag and donor set are rinsed 
with distilled water, 75 cubic centimeters of 
ACD Solution A (U.S.P. XIV) is added, the 
air is expressed from the system, and the steel 
ball is positioned. The needle with its protec- 
tive sheath in place is coupled to the donor 
tube and the finished assembly is sterilized by 
exposure to saturated steam at 121 degrees C. 
for 30 minutes. 

Proof of the hematologic advantages of the 
design of the plastic equipment is the fact that 
blood can be drawn from a donor into an 
empty bag and hermetically sealed without 
activating the clotting mechanism. Whole 
blood, without anticoagulant, remains liquid 
for 6 to 8 hours at 25 degrees C. under these 
conditions. 

Logistic advantages of this equipment are 
many. The bag of ACD with its integral do- 
nor set weighs 115 grams packaged in an alu- 
minum tube—16 per cent of the weight of a 
conventional blood container. The integral 
donor set obviates a separate part to be pro- 
cured, inventoried, and distributed. The equip- 
ment can be shipped or stored in temperatures 
ranging from minus 56 to plus 76 degrees C. 
As packed commercially, 4 bags sealed in a tin 
can weigh 586 grams and occupy 1,100 cubic 
centimeters—13 per cent of the space occu- 
pied by conventional equipment with compa- 
rable function. The bags weigh 620 grams 
when full of blood in contrast to 1,070 grams 
for a full bottle. Two bags of blood can be 
shipped in the space occupied by 1 bottle. 
The cost of transporting plastic equipment 
charged with ACD to the donor center and 
returning the blood to the point of origin is 
25 per cent of that for glass. 






The recipient set (Fig. 2) consists of a com- 
bination filter and drip chamber fashioned of a 
14 centimeter length of plastic tubing, 20 mil- 
limeters in diameter with a stiff o.5 millimeter 
wall, sealed at either end to appropriate lengths 
of 3 millimeter plastic tubing. The filter in 
the chamber is made of 70 mesh woven nylon 
tubing, intussuscepted on itself to provide 64 
square centimeters of filter area, with the open 
ends dielectrically sealed about the entry tube. 
The drip chamber is formed by constricting 
and sealing the bottom of the filter chamber 
about a nipple of 2 millimeter tubing. The fil- 
ter and drip chambers do not collapse under a 
negative pressure of 110 centimeters of water 
and withstand 300 millimeters of mercury 
pressure during infusion. The piercing cou- 
pler is connected to the short entry tube; the 
17 gage venipuncture needle is fixed at the end 
of the longer venipuncture tube. Pyrogen free 
water is rinsed through the assembled recip- 
ient set and the needles are covered with a 
protective sheath prior to sterilization as de- 
scribed. 

The technique for using the bags is simple. 
The donors lie supine with a pneumatic tourni- 
quet! applied to the arm. The skin overlying 
the antecubital fossa is disinfected by scrub- 
bing with soap and water until a stiff lather is 
produced. This is removed by applying tinc- 
ture of iodine U.S.P. XIV. The iodine is per- 
mitted to dry and the excess is removed with 
40 per cent isopropyl alcohol. A wheal of 1 
per cent procaine hydrochloride is raised in 
the skin and the tissues about the vein are in- 
filtrated. The tourniquet is distended to 60 
millimeters of mercury pressure. A loose over- 
hand knot is formed in the midportion of the 
donor tube and the bag is suspended on a 
spring scale with the delivery tubes upper- 
most. The protective sheath is removed from 
the phlebotomy needle by pushing it onto the 
hub slightly to loosen its grip on the nylon and 
then twisting it off. Phlebotomy is accom- 
plished (Fig. 3). The stainless steel sphere is 
milked upward out of the donor tube to per- 
mit the blood to flow by gravity. When 640 
grams have been collected, the knot is set 
tightly to seal the bag (Fig. 4). The donor 


1An aneroid sphygmomanometer with child size hook cuff is 
best. 
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Fig. 1. 
z, 1. Plastic bladder for the collection, storage, and 
ion of blood. The bladder and integral donor tube are 

with 75 cubic centimeters of anticoagulant-nutrient 
ion. A few bubbles of air have been admitted to make 
solution obvious. The delivery tubes for removal of 
na or coupling with a recipient set with their protecting 


tune is severed on the donor side of the knot 
sv that appropriate pilot tubes can be filled. 
The pressure is then released from the tourni- 
quct and the needle is withdrawn from the 
vein. It can be coupled with the end of the 
donor tube to protect its sharpness. 

lhe blood in the donor tube is sealed off in 
alijuots by applying radio frequency energy 
across the tubing while it is compressed in the 
jaws of a sealer (Fig. 5). The final seal is 
made at the junction of the donor tube with 
the bag. 

Samples of citrated blood can be preserved 
for cross matching by stripping the blood from 
the donor tube and permitting it to refill with 
citrated blood prior to sealing off the tube at 
the bag. This is done by flexing the tube over 
the edge of a throat stick just proximal to the 
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Fig. 2. 


pouches are at the lower left. Insert, Longitudinal section 
of the male hubbed needle shows laminar flow channel at 
connection with plastic tubing. 

Fig. 2. One piece plastic recipient set consisting of com- 
bination filter and drip chamber. Piercing coupler is at 
upper left. 


knot and drawing the stick to the bag, leaving 
collapsed tubing distal. Serum for serology 
and grouping can be obtained by sealing off 
whole blood in the end of the tube prior to 
stripping the blood from the remainder. Seg- 
ments of the donor tube are cut free and cen- 
trifuged in a 15 cubic centimeter trunnion cup 
filled with water. An aluminum tubing clip is 
applied at the plasma-red cell interface and 
the seals are cut from either end. Individual 
drops of the plasma or the red cells can be 
ejected by a slight pressure on the appropriate 
tube. 

The hermetically sealed bag is suspended 
from a metal stand. The pilot tubes may be 
inserted in the identification tag fastened to 
the bag. The unit is refrigerated at 4 de- 
grees C. plus or minus 1 degree. 





Fig. 3. Collection of blood by gravity through integral 
donor set into plastic equipment. The quantity of blood 
removed is indicated on the spring scale. 


The blood is administered by cutting off the 
end of the protective pouch about the blood 
delivery tube (Fig. 6). The sheath is removed 
from the coupler and the cannula is twisted 
into the lumen of the delivery tube simultane- 
ously to penetrate the diaphragm and couple 
with the delivery tube. The bag is suspended 
from a gravity pole (Fig. 7) by means of a 
spring scale so that an accurate indication of 
the volume infused is available. The filter 
chamber is filled half full of blood by holding 
it inverted with the drip chamber uppermost 
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Fig. 5. Jaws of the radio frequency sealer applied across 
the donor tube fuses the tubing to effect a hermetic seal. 
Insert, Segments of donor tube can be sealed off to serve 
as pilot tubes. 


after the protective sheath is removed from 
the 17 gage infusion needle. When the filter 
is properly filled, it is righted and the air is 
expelled from the recipient tube prior to veni- 
puncture. The rate of infusion can be regu- 
lated by varying the height at which the bag is 
suspended above the recipient’s vein or by 
applying a clip across the recipient tube just 
proximal to the infusion needle. 





Fig. 4. Pulling the knot tight in order to seal the donor 
tube. 





Fig. 6. Cutting off the protective pouch to gain access 
to the outer end of the sterile delivery tube. 








cess 
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ig. 7. Blood is infused by inserting the piercing coupler 
in » the delivery tube and suspending the bag for gravity 


Positive pressure infusion is readily per- 
formed by slipping the bag, with a recipient 
sei attached, into a pneumatic press where 
controlled pressure is applied to force the 
blood out of the bag (Fig. 8). The contents 
of the bag (575 c.c. of ACD blood) can be 
forced intra-arterially through a 14 gage can- 
nula against a systolic pressure of too milli- 
meters in 1 minute by applying 300 millime- 
ters of mercury pressure to the press. The 
rate of flow through a 15 gage needle is indi- 
cated in Figure 9(2). The press consists of a 
hemicylindrical chamber (radius 7 cm., height 
16 cm.) fashioned of 5% inch plexiglass. The 
bottom is solid; the top slides off to permit a 
full bag to be slipped in. A conventional 
sphygmomanometer cuff is supported against 
the flat side of the chamber by hanging the 
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Fig. 8. The full bag of blood with the recipient set at- 
tached is compressed in a plastic press to permit positive 
pressure infusion without danger of air embolism. 


long end of the cuff over a transverse rod 
mounted near the top of the flat side. The 
tubes are brought out of the chamber through 
a pair of holes positioned to retain the cuff 
against the flat wall. Pressure is built and 
measured in the usual manner. The full bag 
of blood with the recipient set attached is 
slipped into the space in front of the rubber 
cuff and the top is closed. A bail may be in- 
serted into appropriate holes to suspend the 
press either in the inverted position for infu- 
sion or upright for withdrawal of plasma. 
Appropriate pressure is applied to attain the 
desired flow. 

Plasma can be removed from the bags fol- 
lowing either sedimentation or centrifugation. 
For the latter, the bag is placed in the conven- 
tional 600 cubic centimeter trunnion cup and 
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Fig. 9. Rate of blood flow through a 15 gage needle. Re- 
cipient pressure was kept constant, the donor pressure being 
varied. Courtesy of S. F. Seeley, Current Reseaches in 
Anesthesia and Analgesia (2). 


the space about the bag is filled with water. 
After properly balancing the opposed cups, 
the cells are packed by 20 minutes’ exposure 
to 750X gravity centrifugal force. The bag 
is removed from the centrifuge and placed in 
the pneumatic press described. The plasma 
delivery tube is exposed by cutting away the 
protective pouch and the diaphragm is pierced 
by a coupler connected by tubing to the plas- 
ma collecting container. Air is pumped into 
the press to force the plasma out of the bag. 
As the plasma-red cell interface rises into the 
delivery tube, a clamp is applied to effect ac- 
curate separation. By this technique, 99 per 
cent of the plasma can be removed. The re- 
sidual cells are packed to a hematocrit of over 
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98.5 per cent by centrifugation ; 85 per cent by 
sedimentation. The cells can be resuspended 
or washed by using the plasma delivery tube 
as the port for adding the appropriate solu- 
tion. When resuspension is completed, the 
delivery tube is resealed by clamping it in the 
jaws of the radio frequency sealer and apply- 
ing current for 5 seconds. The resuspended 
red cells are infused by the technique <e- 
scribed for the administration of blood. 


SUMMARY 


Apparatus is presented for the collection, 
storage, and administration of whole blood by 
using a closed gravity technique and ACD 
Solution A. 

The logistic advantages of the equipment 
are outlined. 

A technique is given for sealing off aliquots 
of blood for subsequent cross matching in the 
permanently attached donor tube. 

A method for positive pressure infusion, both 
intravenous and intra-arterial, is presented. 

A technique for centrifugation and separa- 
tion of plasma is described. 
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BEDSIDE UROLOGICAL X-RAY EXAMINATION OF 
THE SEVERELY INJURED PATIENT 


LAZARUS A. ORKIN, M.D., F.A.C.S., New York, New York 


SEVERELY injured patient who has 
possible multiple injuries requires 
the close co-operation and keen judg- 
ment of a team of physicians in the 

ious surgical specialties. The problem for 
urological consultant is not so much that 
‘etecting the presence of a genitourinary 
(ma as it is of knowing the exact extent of 
injury. Recent reports in the literature 
» shown that since there is no correlation 
veen the intensity of the traumatism, the 
cal signs, the symptomatology, and the 
“ity of the urinary tract lesion, the patient 
ild be investigated urologically by roent- 
graphy as quickly and completely as pos- 
It is only by this approach that a genu- 
anatomicopathologic diagnosis can be 
le (1, 5, 8, 11). However, severely injured 
pa‘ients whose general condition contraindi- 
caics movement to the x-ray department for 
roctgenological examination present an espe- 
cially serious problem in urological diagnosis 
ani] management. ‘rhe difficulty is increased 
if, in addition to the genitourinary trauma, 
there is associated visceral and/or bony le- 
sions. In these instances the latter may be of 
such magnitude as to be considered of para- 
mount importance and the kidney or the blad- 
der trauma as trivial in nature. The necessity 
of obtaining diagnostic roentgenograms at the 
bedside in this group of patients is readily ap- 
parent. A careful review of the world litera- 
ture has failed to reveal a description of a 
standardized technique by which this could 
easily be done. It is a prerequisite in the eval- 
uation of conservative versus operative inter- 
vention if we are to institute rational therapy 
in time for it to be of real value. 
Roentgenographic visualization of the urin- 
ary tract by the use of opaque contrast sub- 
stances requires the use of the Potter-Bucky 
diaphragm(2). This permits only radiation 


_From the Urological Service, Beekman-Downtown Hospital, 
New York. 


travelling in the direction of the x-ray beam to 
strike the photographic film, thus producing 
pictures with sharper contrast. Films taken 
without the Bucky diaphragm appear dark, 
fogged, and often are nondiagnostic. Al- 
though a portable Potter-Bucky diaphragm is 
available for bedside roentgenography, this is 
impractical for routine urological investigation 
as it will only accommodate cassettes up to 
10 by 12 inches in size. In an attempt to ob- 
tain diagnostic bedside films, a Lysholm grid 
was placed directly on top of a standard 14 by 
17 inch cassette and exposures were made with 
the portable x-ray unit. This technique was 
employed in a series of 38 severely injured 
patients with eminently satisfactory roentgen 
results. 

The Lysholm grid is, in effect, a stationary 
Potter-Bucky diaphragm and is used to reduce 
the fogging effects of secondary radiation. 
The scatter restraining efficiency of the Lys- 
holm grid is equal, at least, to that of the mov- 
ing Bucky. Two types of grids are obtainable: 
(1) the parallel or unfocused grid in which the 
lead strips are all laid parallel to each other 
and perpendicular to the surface of the grid, 
and (2) the focused or aligned grid, in which 
the strips are parallel at the center but angu- 
lated more and more as they approach the 
outer edge to align them with the direction of 
the primary beam. Flat Potter-Bucky dia- 
phragms have this identical arrangement of 
lead strips. The target-film distance for the 
various available grids varies between 28 and 
40 inches. Information concerning this is sup- 
plied by the manufacturers for each type of 
grid. The exposure time is approximately the 
same as with the moving Bucky diaphragm. 
For best results the tube should be perpendic- 
ular to the grid and centered with respect to 
both grid and film. Any tilt or shift must be 
parallel to the grid strips. 

The grid is available for bedside use as a 
Lysholm wafer grid and as a Camp grid-front 
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Fig. 1. The technique for bedside x-ray examination is 
simple of execution. A patient who has sustained a fracture 
of the pelvis and spine is shown here being subjected to ex- 
cretory urography. No discomfort or harmful effects to the 
patient result from this procedure. 


cassette. Each type is obtainable in sizes 
ranging from 5 by 7 inches to 14 by 17 inches, 
although we have limited ourselves almost en- 
tirely to the latter size for routine use. The 
wafer grid, light in weight and approximately 
2 millimeters thick, is placed directly on top 
of a standard cassette underneath the patient. 
If this grid is employed, we have preferred the 
focused type which has a target-film distance 
of 36 inches. The Camp grid-front cassette is 
a standard cassette into which a protected 
Lysholm grid has been mounted in place of the 
usual bakelite front. The grid in this cassette 
is prismatically focused at 28 inches target- 
film distance. We have found the Lysholm 
wafer grid and the Camp grid-front cassette 
to be equally effective in producing diagnostic 
roentgenograms. Although the former is more 
economical to purchase and less time consum- 
ing to use, we have preferred the Camp cas- 
sette since it is less vulnerable under condi- 
tionsof bedside roentgenographic examination. 

We have also found the cassette tunnel to be 
of considerable aid in bedside roentgen exam- 
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ination. It is inserted underneath the patient 
at the site to be roentgenographed and is re- 
moved at the conclusion of the roentgenolog- 
ical studies. The tunnel is of plywood con- 
struction and is reinforced at its bottom so 
that the mattress will not sag when the pa- 
tient lies upon it. A slot at one end of the 
tunnel facilitates the handling of the Lysholm 
wafer grid on top of a standard cassette, or «/{ 
the Camp grid-front cassette, both of which 
are easily and quickly changed after each e.- 
posure. The over-all thickness of the cassetie 
tunnel has been kept to a minimum so that 
when it is placed on the bed, there is no dis- 
comfort to the patient. Its use does away with 
the necessity of lifting the patient up after 
each exposure in order to change the Camp 
grid-front cassette or the standard cassetie 
and its overlying grid. Movement of the pa- 
tient is thus reduced to a minimum. 

The procedure for bedside x-ray examina- 
tion as used by us is simple of execution (Fig. 
I). 

1. The cassette tunnel is positioned under 
the patient at the site to be roentgenographed. 

2. A Lysholm wafer grid is placed over a 
standard cassette or a Camp grid-front cas- 
sette is inserted into the cassette tunnel and 
changed after each exposure. 

3. The portable x-ray unit is positioned so 
that the target-film distance equals that given 
by the manufacturer for the particular grid 
used. The exposure time is approximately the 
same as with the moving Bucky diaphragm. 
(Our unit was 30 milliamperes and exposure 
time for an average subject was 3 seconds.) 

4. Roentgenograms of the chest, skull, pel- 
vis, abdomen, and long bones are taken as in- 
dicated. 

5. Intravenous pyelograms, _ retrograde 
cystograms, or retrograde pyelographic ex- 
posures are then done in the conventional 
manner. 

The decision as to whether to do an excre- 
tory pyelogram or a retrograde cystogram will 
depend on the presenting physical signs in the 
opinion of the surgeon or the urologist. Fol- 
lowing an injury that may in any manner con- 
ceivably involve the genitourinary system, our 
routine has been as follows: 

1. A catheter is passed to the bladder. 
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fABLE I1.—SUMMARY OF UROLOGICAL PROCE- 
DURES AND RESULTS IN 38 PATIENTS IN- 
VESTIGATED AT THE BEDSIDE 


No 
Cases 
larmfal effectasto: patient ....... 5. 6.5 6. eee en ° 
xcretory urography.......... a Se a ee eee 34 
Successful pyelograms; first attempt............. 26 
Repeat pyelograms of those unsuccessful on first 
attempt; SUCCeSSIUE KEpeats ..... 6... cies ees es 4 
Diagnostic and satisfactory pyelograms in series... 27 
Diagnostic excretory cystograms in series......... 28 
Patients in clinical shock (8); diagnostic and sat- 
isfactory intravenous pyelograms............. 8 
troprade CYStOGTADRY..... . 5.6... ce cee eee nes 16 
(iagnostic retrograde cystograms................ 15 
(One patient with a normal appearing cysto- 
gram was explored because of increasing clinical 
signs and found to have a ruptured bladder.) 
stoscopy and retrograde pyelography............ 9 
onfirmed diagnosis as rupture of kidney......... 2 


stablished diagnosis as contusion of kidney in cases 
in which the excretory urograms failed to reveal 
excretion on the injured side.................. 2 
stablished diagnosis as contusion of kidney in cases 
in which the excretory urogram and clinical pic- 


ture suggested a rupture of the kidney......... I 
stablished diagnosis of a nonfunctioning ectopic 
MNGi e ye eco oa singin wee eta e enone neEN I 
mnfirmed the presence of an impacted ureteral cal- 
CONUS cares sian eos ars vores ve clae ee aera Ga Tae I 
nfirmed the presence of a nonfunctioning, poorly 
lraining, infected and hydronephrotic kidney... 1 
lwelling ureteral catheter drainage............ 4 


The catheter is clamped and excretory 
u zraphy performed. Late films at 60 and 
p« sibly 90 minutes are taken of the bladder 
in order to obtain a satisfactory cystogram. 

If the excretory cystogram is unsatisfac- 
to: orsuggestive of extravasation, the catheter 
is inclamped and retrograde cystography 
doiie. 

The catheter is then withdrawn to just 
below the vesical neck and retrograde injec- 
tio: done. 

If the catheter cannot be passed to the 
bladder, a urethrogram is obtained at the con- 
clusion of the intravenous pyelography by the 
instillation of 20 cubic centimeters of a 10 
per cent solution of the contrast substance. 

‘Table Lis a summary of the urological x-ray 
procedures performed at the bedside in 38 pa- 
tients. There were no harmful effects as a re- 
sult of these manipulations to any of the indi- 
viduals in this series. Because of the fact that 
the reported experimental and clinical studies 
suggest that the best pyelograms are obtained 
immediately after the injury (3, 5, 7, 10), ex- 
cretory urography was performed in 34 individ- 
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Fig. 2. Female, aged 50 years, was bleeding profusely 
from the urinary tract following an automobile accident. 
She was in clinical shock and failed to rally despite ade- 
quate supportive therapy. Her blood pressure was 68/50. 
Excretory urography discloses no excretion of the contrast 
substance from the left side in which area there is a large 
mass with obliteration of the psoas shadow. Nephrectomy 
performed with a great deal of assurance that she had a 
normal right kidney. 


uals soon after their admission to the hos- 
pital. This included 8 patients in clinical 
shock with a blood pressure between 68 to 76 
millimeters of mercury systolic at the time the 
pyelograms were done. Most men do not ad- 
vocate excretory urography if the patient is in 
shock, or if the blood pressure is below 80 
millimeters of mercury systolic. It is generally 
agreed upon that the establishment of an ana- 
tomicopathologic diagnosis of the genitourin- 
ary trauma should be deferred until the pa- 
tient is out of shock (13). However, occasion- 
ally, one may encounter patients who fail to 
rally despite adequate supportive and replace- 
ment therapy. Experience has taught me that 
in these instances an early accurate diagnosis 





a 


Fig. 3. a and b, Two patients who had sustained a renal 
injury were bleeding profusely from the urinary tract. Ex- 
cretory urography was performed at the bedside soon after 
admission to the hospital. Satisfactory and diagnostic 


and the necessary emergent operative inter- 
vention with multiple blood transfusions may, 
at times, be life saving (1, 5). The decided 
value of excretory urography at the bedside 
while the patient is being treated for shock 
was demonstrated in these 8 cases in each of 
which excellent pyelograms were obtained. 
Illustrative of these conclusions is the follow- 
ing case (Fig. 2): 

A female, aged 50 years, was admitted to 
the hospital after being injured in an automo- 
bile accident. She was in clinical shock with 
a blood pressure of 68/50; the pulse was 142. 
Physical examination revealed a large tender 
mass in the left loin with crepitus of the elev- 
enth and twelfth ribs in the mid-axillary line. 
Catheterization disclosed a grossly bloody 
urine with numerous blood clots. Despite the 
administration of 1,000 cubic centimeters of 
plasma and 1,500 cubic centimeters of blood, 
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pyelograms were obtained on the first attempt. In each 
case, the traumatized kidney was considered to be contused 
on the basis of these normal pyelograms, and the patients 
were treated conservatively. 


the clinical condition appeared to worsen. 
The mass in the left loin visibly increased in 
size and profuse urinary bleeding continued 
notwithstanding continued irrigation of the 
urethral catheter. It was quite evident to us 
that emergency operative interference would 
be necessary. Bedside x-ray studies revealed a 
fracture of the left eleventh and twelfth ribs 
and of the left second lumbar transverse proc- 
ess. The pelvic bones were intact. Excretory 
urography revealed excellent excretion from 
the right side which was considered normal; no 
excretion of the contrast substance was seen 
on the left, even on the late films. A large mass 
with obliteration of the psoas shadow was eas- 
ily discerned on this side. With the aid of 
multiple transfusions during and after opera- 
tion, a left nephrectomy was easily performed 
with a great deal of assurance that she had a 
normal right kidney. 

















\BLE 1I1.—DIAGNOSES 1N 38 PATIENTS EXAM- 
INED AT THE BEDSIDE 


No. 
Cases 
Surgical diagnosis 

Lite OUR MUTERIONB 5 Scars oe cos So ow aaa eee aes 14 
ictures of: 
Ribs Petre RSIS math Mw ostakaw & aeipama Lane we tiewenme 19 
PRUNES ier wince Mee iy Seah oe Nee Marat ot eee od 39 
Pelvis Renee Nee eS re ree ee eee ee re ciccatd spare ae ae 
lransverse processes of vertebrae................. 12 
BARONE os Oc tie shee ees ht ee Ge a meres & ome ON . 
WEIENINGES Sores arin n a eee fo kneare > a wer OE 4 
BREE IEE Eso ie wiavesn somite xr e wie Ak oR une 4 
5) || Ree caer tay a enema Med ety ack Gk ane Ese aA a 4 
1 Sa RR ener eer oe ann cela gare rae 2 
Nye. os ecce ss 

MMMM eee esaiele sen aise i eh ak dace ere ee 
clavicle ere 

ternum. es 

aration of s sy mphysi BR ig fegie coe awe ta oleae 

MSINCR MON Mte Sic eres cf Se ice ewido Bane winced ences 


; bacillus infection. . . . 

ished: chest............ 

eration of brain. . 

cussion of brain... 

liastinal shift... . 

ilsion of perineum. ..... 
sion of rectal sphincter. . 
vesical hematoma... . 
eration of lung......... 
eration of omentum... . 
itusion of spleen. . 

nture of rectus muscle. 
eration of internal pudenal artery’. 


KH RN NNWWWWWWWWHY RF ENN 


Urological diagnosis 
tusion of kidney....... 
pture of bladder. . 
pture of kidney....... 
ipture of urethra. . 
ntusion of bladder. 
ceration of urethra. 
nign prostatic hypertrophy. . 
Neurogenic bladder............ 
Renal calculus..............-. 
Calculous pyonephrosis. . . . 
ephroptosis, infected hydronephrosis . 
\ ulsion of scrotum..............- 
I:ctopic kidney. 
Horseshoe kidney. 
Impacted ureteral calculus. . 


mMnnt Hun 
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In this group of 8 patients on whom excre- 
tory urograms were done while they were in 
shock, no harmful effects were noted by either 
the administration of the contrast material or 
the performance of the intravenous pyelo- 
crams. 

Satisfactory excretory urograms (Fig. 3) 
were obtained on the first attempt in 26 of the 
34 cases, The procedure was repeated in the 8 


unsuccessful instances with more adequate de- 
hydration 


and a series of pituitrin injec- 
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Fig. 4. The patient was admitted to the hospital soon 


after having been struck by a bus. The catheter urine 
was negative but there was a suggestive mass in the left 
loin. Excretory urography discloses a normal right kidney. 
On the left side, a large mass with an area of extravasated 
contrast material can be seen in the region of the lower pole. 
At operation, the lower half of the left kidney was avulsed. 
Nephrectomy was performed with a good result. 


tions (12); 3 within several hours, and 5 on the 
following day. A satisfactory repeat was ob- 
tained in 4. Considered together, satisfactory 
and diagnostic pyelograms were seen in 27. 
Extravasation of the contrast substance diag- 
nostic of a rupture of the kidney was obtained 
in 2 individuals (lig. 4). Nine patients in this 
series were subsequently checked with cys- 
toscopy and retrograde study at the bedside. 
Of these, 5 had been severely injured and were 
already in Russell traction at the time that 
urological opinion was requested because of 
the possibility of a traumatic lesion of the 
kidney. Although in 2 cases there was no ex- 
cretion of the contrast substance from the af- 


SURGERY, GYNECOLOGY AND OBSTETRICS 


a 

Fig. 5. The patient had sustained a fracture of the femur 
in an automobile accident. Soon after he was put up in 
Russell traction, it was noted that he had a grossly bloody 
urine. Excretory urography on 2 occasions revealed a nor- 
mal right urinary tract, and indefinite excretion from the 
left kidney. Because of persistent pain in the left loin, a 
rising temperature with chills, cystoscopy and retrograde 
pyelography were performed at the bedside. a, A left retro- 


fected side and the clinical picture suggested 
a grave traumatic lesion, a retrograde pyelo- 
gram disclosed an intact, normal kidney in 
each. Retrograde study in the remaining 3 
confirmed a diagnosis of rupture of the kidney 
in one, established the diagnosis as a true rup- 
ture of the kidney in another in whom the ex- 
cretory urograms were unsatisfactory (Fig. 5), 
and indicated that the kidney of the fifth pa- 
tient to be cystoscoped was merely contused 
although the excretory pyelograms and clin- 
ical picture suggested extravasation. These 5 
cases demonstrated that when indicated and 
feasible, cystoscopy and retrograde pyelog- 
raphy may be done at the bedside with a min- 
imum of discomfort to the patient. The 
knowledge obtained from this additional study 
is a further aid in the urological management 
of this group of patients (6, 9). 


grade pyelogram discloses a dilated renal pelvis with a large 
area of extravasation in the region of the lower pole. b, A 
trapping film taken at the end of 10 minutes reveals an 
identical picture. None of the contrast material has drained 
from the kidney. At operation, the renal capsule was found 
to be intact. The lower pole of the kidney was split in half. 
The upper half was necrotic. Nephrectomy performed with 
a good result. 


Diagnostic excretory cystograms were ob- 
tained in 30. Retrograde cystography was 
performed 16 times: in 6, because of an initial 
unsatisfactory excretory cystogram; in an- 
other 6 patients, because the clinical picture 
was strongly suggestive of a possible ruptured 
bladder although the excretory cystogram was 
satisfactory and disclosed no extravasation; 
and in 4 instances as a primary procedure in 
which no intravenous urography had been un- 
dertaken. Diagnostic retrograde cystograms 
were obtained in 15 of the 16 attempts (Tig. 
6). The case in error occurred in a patient 
who, although he had a normal cystogram, 
was finally explored because of increasing 
physical signs and a deterioration in the clin- 
ical picture. At operation, a ruptured bladder 
with a moderate amount of extravasated urine 
was found in the retroperitoneal space. A rent 
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ig. 6. Satisfactory and diagnostic retrograde cysto- 
¢ ons which were obtained in 2 cases of fracture of the pel- 
a, Extraperitoneal rupture of the bladder with “cloud- 


i: the lateral wall of the bladder was covered 
1. adherent blood clot. 

\lthough the retrograde cystograms were 
much more satisfactory and diagnostic as a 
croup than the cystograms obtained by excre- 
tion urography (4, 9), one might be tempted to 
limit himself to retrograde cystography in 
cases of bony pelvic injury or in those in- 
stances in which the clinical evidence suggests 
a possible rupture of the bladder or the 
urethra. Experience has taught me, however, 
that it is much more judicious to adhere to the 
routine that I previously set forth; namely, 
first, to do an intravenous pyelographic series 
with late films of the bladder, and second, a 
retrograde cystogram, if indicated, at the con- 
clusion of the excretory pyelograms. This 
routine gives us valuable information concern- 
ing the upper tracts and at times, one may be 
able to demonstrate extravasation from the 
bladder without resorting to retrograde injec- 
tion (Fig. 7). In addition, one may be able, 
as was found in 1 of our cases, to find evidence 
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burst” type of extravasation. b, “Reverse tear-drop” type 
of bladder which was due to extraperitoneal rupture of the 
bladder. 


for both a ruptured kidney and bladder in the 
same patient by the intravenous urograms. 
The surgical and urological diagnoses in this 
series of 38 patients are enumerated in Table 
II. This indicates the advisability of a close 
degree of co-operation between the surgeon 
and urologist in the investigation and manage- 


ment of the severely injured patient. The 
technique of bedside x-ray examination as 
described in this paper should not be limited 
to a study of the urinary tract alone. We have 
found the procedure to be of immeasurable 
value in evaluating the various associated in- 
juries that may be present. Roentgen studies 
of the abdomen for free air under the dia- 
phragm, of the skull, chest, pelvis, and long 
bones may be accomplished easily and quickly 
by the use of the Lysholm grid; the films are 
highly satisfactory and diagnostic (Fig. 8). 
Follow-up roentgenogramsat periodic intervals 
while the patient is bedridden or in traction 
will indicate the degree of healing of the bony 
lesions. 











Fig. 7. Male, 22 years of age, injured in a motorcycle 
accident had sustained a fracture of the pelvis. He was 
able to void and had a grossly clear urine. Marked abdom- 
inal rigidity and tenderness present. Excretory urography 
performed. The upper urinary tracts were normal. A late 
film (60 minutes) of the bladder in the pyelographic series 
discloses a large area of extravasation. At operation, an 
extraperitoneal rent of the bladder was found and suture 
was performed. 


A review of the urological diagnoses in this 
series (Table II) discloses that in 13 or one 
third of the patients, a serious traumatic 
urinary tract lesion was found, necessitating 
open surgical intervention. I believe that the 
procedure of bedside urological x-ray investi- 
gation was a life saving measure in several of 
these cases. The clinical evidence and physi- 
cal signs were confusing in these instances 
and the only indication as to the seriousness 
of the injury was the information obtained 
from this study. No harmful effects were 
noted in any of these patients as a result of the 
procedure. The knowledge gained from this 
technique was immeasurable. If no serious 
urinary tract lesion is demonstrated one may 
treat such a case conservatively with a great 
deal of assurance that no operative interven- 
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Fig. 8. A male, 12 years of age, had sustained a fracture 
of the pelvis while sleigh-riding. Although the excretory 
urograms disclosed a laceration of the right kidney, he was 
thought to have an associated intra-abdominal lesion be- 
cause of marked abdominal distention, and increasing ab- 
dominal rigidity and tenderness. A simple abdominal film 
reveals no free air. The bowel shows a diffuse generalized 
dilatation with no evidence for fluid levels. The abdominal 
signs seemed to be reflexly produced by injured right kidney. 


tion is indicated. If, on the other hand, rup- 
ture of the kidney or the bladder is found, one 
may institute the necessary surgery at the 
propitious time. 

As a result of the bedside roentgen investi- 
gation, urological pathology unrelated to the 
trauma may be unearthed in some instances 
and proper therapy undertaken as indicated. 
Of interest in this series was the finding that 
16 patients went into acute urinary retention 
soon after admission to the hospital. Five 
were found to have a neurogenic bladder due 
to an injury of the spine or sacrum. In 3 
others, no pathology was discerned and the 
urinary retention was undoubtedly related to 
their being put to bed. Seven of these pa- 
tients were treated with an indwelling ure- 
thral catheter. The eighth patient had re- 





























ORKIN: 


a 


ig. 9. Male, 71 years of age, developed urinary reten- 
5 weeks after being put up in Russell traction for a 
ture of the neck of the femur. Despite indwelling 
thral catheter drainage, he had a daily chill and tem- 


ated chills with temperature elevation to 

4 degrees. Retrograde cystogram revealed 

arked reflux up both ureters (Fig. 9). Supra- 

ibic cystotomy was then performed with 

cessation of his symptoms. A diagnosis of 

nign prostatic hypertrophy was made in 
(he remaining 8 individuals on the basis of 
their clinical history and cystographic x-ray 
lindings. Two of these patients were treated 
with an indwelling urethral catheter. The re- 
maining 6 were subjected to a preliminary su- 
prapubic cystotomy, followed later by a su- 
prapubic prostatectomy or transurethral resec- 
tion when the individual was out of Russell 
traction or had recovered sufficiently from his 
surgical trauma. 

Patients who have sustained fractures of 
the lower extremities may, at some time dur- 
ing their prolonged period of immobilization 
in skeletal traction, present symptoms of pain 
in the loin, chills, fever, pyuria, or hematuria 
necessitating urgent urological consultation. 


BEDSIDE UROLOGICAL 


X-RAY EXAMINATION 





b 


perature elevation to 105 degrees. Retrograde cystogram 
reveals marked reflux up both ureters. Suprapubic cys- 
totomy was performed resulting in cessation of his symp- 
toms. 


Instead of deferring urological roentgen in- 
vestigation of these patients until they can be 
safely transported to the x-ray department, 
one may perform such studies at the bedside 
employing the technique described. In this 
series, by following the routine outlined, there 
were found 2 patients with an infected and 
hydronephrotic kidney, 2 with a calculous 
pyelonephrosis, and 1 with an impacted large 
low ureteral calculus. Relief of symptoms 
was accomplished in 4 instances by means of 
irrigation of an indwelling ureteral catheter 
put up at the time of cystoscopy. The other 
2 patients were operated upon, a nephrectomy 
being done in one and a ureterolithotomy in 
the other. 
SUMMARY 

A series of 38 severely injured patients 
whose general condition contraindicated move- 
ment to the x-ray department for roentgen- 
ological study were subjected to urological 
roentgen investigation at the bedside. 
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By using the portable x-ray unit and either 
a Lysholm grid placed over a standard cassette 
or a Camp grid-front cassette in a cassette 
tunnel positioned underneath the patient at 
the site to be x-rayed, the films were found to 
be extremely satisfactory and diagnostic. Al- 
though this study was principally concerned 
with investigation of the urinary tract, the 
method of bedside x-ray examination was also 
found to be of considerable value in the diag- 
nosis of associated bony or visceral lesions. 

The technique is simple of execution. No 
harmful effects were noted in any of these pa- 
tients as a result of the procedure. On the 
other hand the benefits derived from the 
knowledge obtained by this study were im- 
measurable. By its routine use in this select 
group of individuals, it was possible to obtain 
an early and accurate anatomicopathologic 
diagnosis of the urinary tract trauma. This is 
a prerequisite in the evaluation of conserva- 
tive versus operative intervention if we are to 
institute rational therapy in time for it to be 
of real value. 

In addition, this method of examination was 
also found to be of considerable merit in pa- 
tients without any urinary tract injury who 
might develop genitourinary symptoms while 
immobilized in surgical traction. Urological 
pathology unrelated to the surgical trauma 
may be unearthed for which conservative or 


operative treatment may be undertaken iis 
indicated. 
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OBSERVATIONS ON THE USE OF AN ARTIFICIALLY 
INDUCED PROGESTATIONAL STATE AS A 
PREOPERATIVE ADJUNCT TO RADICAL 
PELVIC SURGERY 


KEITH CROMER, M.D., F.A.C.S., Washington, District of Columbia, ROY HERTZ, M.D., and 
J. P. YOUNG, M.D., Bethesda, Maryland 


¥ “IOLLOWING the administration of 
i large amounts of progesterone to pa- 
] tients with epidermoid carcinoma of 
the cervix uteri, certain effects were 
n cd in the organs and tissues of the pelvis 
, ch resembled, at the time of the surgical 
pi -edure, those of early pregnancy. As 
h, terectomy and other pelvic surgical meas- 
u: s are, technically, less difficult to perform 
ii the gestational state, the use of proges- 
tt one as a preoperative adjunct to radical 
p vic surgery might facilitate the surgical 
p: cedure and decrease the incidence of 
p: -toperative complications. This study was 
ui lertaken to evaluate this concept. 

(hat surgical dissection is less difficult 
ding pregnancy is one of the oldest record- 
ed gynecologic observations. In 1897 Ols- 
hausen (cited by Cullen) recognized the fa- 
vorable influence of pregnancy on pelvic sur- 
gery and reported on 25 cases of patients 
with carcinoma of the cervix who were 
treated by vaginal hysterectomy during the 
early months of pregnancy without a single 
fatality. He stated that “in pregnancy the 
vagina iS more capacious, the tissues are 
solt and, on account of its increased elas- 
ticity, the uterus can be drawn much lower 
down than usual. As a result, one can reach 
lateral structures much farther out than 
would be possible under ordinary circum- 
stances.”’ He concluded that vaginal hyster- 
ectomy was the method which promised the 
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best results in carcinoma of the cervix when 
surgical intervention was instituted during 
the early months of pregnancy. 

One year later Fritsch (3) observed similar 
changes during pregnancy and reported a 
case in which total vaginal hysterectomy was 
performed at full term for treatment of car- 
cinoma of the cervix. 

In 1938, Chromé and Versini reviewed the 
changes occurring in the genital apparatus 
during pregnancy and labor and concluded 
that the peritoneum which covers the lower 
uterine segment is easily separable through- 
out when there is softening of the subperito- 
neal cellular tissue as a result of pregnancy. 

Today, suprasymphyseal extraperitoneal 
cesarean section probably demonstrates bet- 
ter than any other common procedure the 
favorable influence of pregnancy on actual 
surgical technique. The favorable factors 
are: (1) increased vascularity; (2) edema of 
the subperitoneal areolar connective tissue 
which aids in dissection along tissue planes; 
(3) increased uterine mobility, which is due 
to softening of the uterine ligaments and 
which improves exposure. That these chang- 
es might be produced by progesterone is ra- 
tional since they coincide in degree with the 
rate of growth of the corpus luteum during 
the first 3 months of pregnancy. 


MATERIALS AND METHODS 


Eighteen patients with epidermoid car- 
cinoma of the cervix uteri were treated with 
large doses of progesterone, followed by de- 


finitive pelvic surgery. The patients were 
selected without regard to their general phys- 
ical condition, age, race, or nutritional sta- 
tus. All were hospitalized and, in all, the 
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Showing changes in a 65 year old patient after 
12.5 grams of progesterone. 


Fig. 1. 


reports on the biopsies were positive for car- 
cinoma. The stage of the disease was re- 
corded according to the League of Nations 
classification. The cases were divided into 
two groups. In the initial 10 cases, 4 pa- 
tients had recurrent carcinoma following ir- 
radiation therapy and were suitable only for 
radical palliative surgical care or for ter- 
minal care. In the last 8 cases, only those 
patients with clearly visible cervical lesions 
were selected in order to permit evaluation 
of the clinical effects of exogenous proges- 
terone on epidermoid carcinoma of the cer- 
vix uteri. The results of this portion of the 
study have been reported elsewhere (5). 
All of the patients received 250 milligrams 
of progesterone intramuscularly in 5 cubic 
centimeters of oil for varying periods of time 
prior to the surgical procedure, as indicated 
in Table I. The smallest amount of pro- 
gesterone given was 400 milligrams admin- 
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istered over a period of 3 days, and the lar- 
gest amount was 28.85 grams administered 
over a period of 113 days. The smallest 
amount was administered to a patient in 
whom local reactions developed at the injec- 
tion sites and this necessitated discontinu- 
ance of therapy. 

Prior to progesterone therapy, each pa- 
tient had a general medical appraisal, in- 
cluding proctoscopic examination, cystoscop- 
ic examination and intravenous pyelography’. 
In addition, when indicated, roentgen exam- 
ination of the colon by barium enema and 
of the kidneys by retrograde pyelography was 
obtained. Blood transfusions were given 
when necessary to bring the blood count 
and plasma proteins to within normal limits. 
lor 1 week prior to the scheduled surgical 
intervention each patient received 3 grams 
of sulfasuxidine every 4 hours. On the eve- 
ning of the fourth preoperative day, 45 cubic 
centimeters of castor oil was given by mouth. 
For 3 days prior to operation, diet was re- 
stricted to clear liquids, and daily cleansing 
enemas were given. At the time of opera- 
tion, sodium pentothal was used for induc- 
tion and was followed by gas-oxygen-ether 
to insure surgical relaxation. The operative 
procedures employed were either: (1) radical 
hysterectomy, or (2) partial pelvic eviscera- 
tion. The radical hysterectomy employed 
was the combination Wertheim hysterectomy =) 
and Taussig node dissection as described by fF. 
Meigs. It entails the removal of all nodes | 
from the common iliac, external iliac, and 
hypogastric arteries, the contents of the ob- 
turator fossae with exposure and preserva- 
tion of the obturator nerve, and the removal 
of parametrial structures and upper vagina. 

Pelvic evisceration includes the removal of 





the bladder and all or part of the vagina. | 
The technique used is similar to that of . 
Brunschwig (1, 2) and Marshall and _ his | 
associates. However, in this series the rec- ( 
tum was preserved and the ureters were im- 
planted into the rectosigmoid after complete 
mobilization of the uterus and bladder. The ( 
perineal wound was drained at the end of 
the perineal phase and a rectal tube was in- 
serted and anchored in place by adhesive 


tape or skin sutures. 
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Postoperatively, constant gastric aspira- 
tion was maintained for at least 48 hours. 
At least 400,000 units of penicillin were ad- 
ministered daily for 5 days. Fluid balance 
was maintained. The rectal tube was re- 
moved in 5 to 7 days. Patency of the tube 
was assured by gentle daily irrigations with 
tap water. For 2 or 3 days postoperatively 
nothing was given by mouth. Thereafter 
fluids and diet were gradually increased as 
the patient’s tolerance permitted. Activity 
and early ambulation were encouraged as 
soon as possible. 

The surgical specimens were fixed in 
Bouin’s solution and serial blocks were re- 
moved for histopathologic study. The lymph 
nodes were carefully identified, enumerated, 
fixed, and sectioned for microscopic study. 
The number of patients with positive lymph 
nodes, the location of residual carcinoma, 
and the type of endometrium have been 
summarized in Table I. 

Quantitative estimation of the degree of 
response of pelvic viscera to the administra- 
tion of progesterone based on objective find- 
ings at the time of the surgical procedure 
was graded from 1 to 3 plus. A 1 plus re- 
sponse indicated capillary injection and mod- 
erate hyperemia, with little or no tissue 
edema and softening. A 3 plus response 
represented the maximum degree of tissue 
edema, softening, ease of separation of tis- 
sue cleavage planes and surgical exposure en- 
countered. The intermediate grade, 2 plus, 
represented changes between these extremes 
as interpreted at the time of the surgical 
intervention. 


RESULTS 


The cases are summarized in Table I. In 
the group, 4 were classed as stage I; 5 as 
stage II; 5 as stage III; 2 as stage IV; and 
2 as stage o (carcinoma in situ). The young- 
est patient was 31 years of age, the oldest 
was 65, and the average age for the entire 
series was 50. Ten patients (Cases 2, 3, 4, 
6, 11, 13, 15, 16, 17, and 18) were treated 
by the radical hysterectomy with node dis- 
section. Seven patients (Cases 1, 5, 8, 9, 
10, 12, and 14) were treated by partial pelvic 
evisceration. One patient (Case 11) had the 


vena cava ligated at the time of the radical 
hysterectomy. One patient (Case 7) with 
carcinoma in situ had only a total hyster- 
ectomy. Four patients (Cases 1, 3, 6, and 
10) had recurrent carcinoma following irra- 
diation. Two of these were classed as stage 
II, 1 as stage III, and 1 as stage IV. 

In the series, 13 patients (Cases 1, 2, 4, 
5, 6, 7, 9, 10, 11, 12, 13, 16, 17) showed a 
3 plus response; 4 patients (Cases 8, 14, 15, 
and 18) showed a 2 plus response; and 1 
(Case 3) showed a 1 plus response. In the 
cases showing the maximum response, the 
results, as seen at the operating table were 
uniformly satisfactory. There was moderate 
hyperemia and congestion of the uterus and 
capillary injection of the tubes and broad 
ligaments (Fig. 1). The edema of the sub- 
peritoneal connective tissue produced a glis- 
tening mucus-like appearance best seen 
through the pelvic peritoneum over the iliac 
vessels. Capillary ooze, while present, was 
never troublesome. 

Of the patients showing a 3 plus response 
3 (Cases 1, 6, and 10) were in the elderly 
age category and had received previous irra- 
diation. They received 1,200 milligrams in 
12 days, 6,o00o milligrams in 28 days, and 
4,500 milligrams in 29 days, respectively. 

Of the 4 patients (Cases 8, 14, 15, and 18) 
showing the 2 plus response, 1 had received 
the smallest total dose of the entire series 
(400 milligrams in 3 days), while the other 3 
had received the 3 largest total dosages 
(28.85 grams in 113 days, 18.5 grams in 103 
days, and 16.25 grams in 65 days). 

The patient (Case 3) showing a 1 plus 
response exhibited a mild capillary injection, 
little tissue edema and no appreciable soften- 
ing. Consequently, the progesterone effects 
in this case did not facilitate the surgery. 
This patient was a diabetic and had received 
extensive external and transvaginal roentgen 
therapy for a stage II lesion 2 years before 
operation. She received 2,100 milligrams of 
progesterone in 13 days, followed immediate- 
ly by surgical intervention. This was the 
only patient in the series who had received 
transvaginal cone therapy. 

The amount of progesterone administered 
to 2 of the 4 patients who had received pre- 
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vious irradiation was considerably smaller 
than in all subsequent cases and did not ex- 
ceed a total dosage of 2,100 milligrams ad- 
ministered over a period of 13 days. Never- 
theless, 1 of these (Case 1) showed a satis- 
factory response consisting of increased re- 
laxation of the uterine supporting structures, 
demarcation of cleavage planes, and in- 
creased vascularity and edema of the sub- 
peritoneal areolar tissue. 

Three patients (Cases 5, 10, and 14) had 
postoperative urinary tract complications fol- 
lowing partial pelvic evisceration. In 1 (Case 
5), pyelitis developed on the seventh post- 
operative day and failed to respond to in- 
tensive treatment with blood transfusions 
and antibiotic drugs. In spite of drainage 
of the infected kidney and the institution of 
an ileostomy, she died in uremia on the 
seventeenth postoperative day. One (Case 
10) in addition to the pyelitis developed 
myocardial infarction. After a stormy course, 
she recovered. In the other (Case 14), a 
mild attack of pyelitis developed on the 
eleventh postoperative day. This responded 
readily to sulfadiazine therapy. 

The second death (Case 12) occurred on 
the twenty-third postoperative day and was 
not satisfactorily explained at autopsy. Fol- 
lowing an uneventful convalescence, she had 
been discharged from the hospital on the 
twentieth postoperative day. Two days 
later she was readmitted in a semistuporous 
condition and died within 24 hours. The 
2 postoperative deaths, both in previously 
untreated patients and after the more rad- 
ical type of surgical procedure for stage III 
lesions, constitute a mortality rate of 11 per 
cent for the entire series and 30 per cent for 
partial pelvic evisceration. In addition to 
the 2 postoperative deaths, 2 patients (Cases 
6 and 8) died at ro months and 9 months, 
respectively, from extensive metastases. The 
remaining 14 survivors are alive and well 
today, without evidence of disease. Suffi- 
cient time has not elapsed to predict the ul- 
timate outcome. 

There were 3 stump cases (Cases 5, 9, and 
16) in the entire series. Of the surgical 
specimens from the remaining patients, 11 
showed an atrophic, 3 a proliferative, and 1 








SURGERY, GYNECOLOGY AND OBSTETRICS 


a late secretory endometrium. The patient 
with the secretory type (Case 7) was a 32 
year old negro woman with a carcinoma in 
situ who received 3,000 milligrams in 12 
days. Of the patients showing an atrophic 
type of endometrium, 4 were in the men- 
struating age group and had received no ir- 
radiation therapy. 


DISCUSSION 


While the number of patients is small, the 
results indicate that in some of the patients, 
clinical changes can be produced by the ad- 
ministration of progesterone. The degree of 
response does not seem to be closely corre- 
lated with the total dosage, duration of treat- 
ment, type of previous radiation therapy, or 
age of the patient. 

One patient who received 1,200 milli- 
grams in 12 days had a maximum response, 
while another who received 2,100 milligrams 
in 13 days showed no response, and a third 
who received 28.85 milligrams in 113 days 
showed only a weak response. In general, 
however, those patients receiving the larger 
doses showed a higher incidence and degree 
of favorable clinical response. 

Among those who received previous irra- 
diation therapy, the amount given varied. 
However, an impression was gained that the 
degree of response was influenced by the 
amount of radiation fibrosis which was 
present. This was most apparent in the 1 
patient who had previously received inten- 
sive transvaginal roentgen therapy through 
an unscreened cone and had, at operation, 
the most marked radiation fibrosis of the 
pelvic structures. Although she received an 
adequate amount of progesterone, there was 
no clear evidence of any efiect. However, 
the incidence of maximum response (3 plus) 
was the same (75. per cent) in the group 
which had received and that which had not 
received previous irradiation. 

The fact that the 3 patients who received 
the 3 largest total amounts of progesterone 
showed no response suggests that there may 
be a maximum level beyond which an in- 
hibition of response may occur. 

The minimal amount of progesterone and 
duration of treatment necessary to produce 
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TABLE I —SUMMARY OF CLINICAL DATA ON USE OF PROGESTERONE PREGEERATIVELY 
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Case. . - i dl Bas ‘ 
4 . . Operative Previous Progesterone Re- Surgical Complica- eet eee 
= Diagnosis risk treatment administered _|sponse procedure tions Surgical specimen 
I Epid. ca. | Fair Full course x- | 1.2 gms. in 12 days} *** | 1-3~49. Radical _ None Epid. ca. cervix and va- 
M.M. | stage IIT ray 35340 with nodes, cyst- gina, hemorrhagic and 
wh. 62 mgm. ectomy vaginec- atrophic endometrium 
po gs tomy, bilateral 
ureteral implants 
2 Epid. ca. | Good None 1.5 gms. in 10 days| *** | 2-18-49. None Epid. ca in ca in site, mod. 
A.J. stage I Radical with atrophic endometrium 
wh. 54 nodes 
3 Stage II | Diabetic 8,600 x-ra 2100 mgms. in 13 * 3-21-49. None Radiation reaction, 
k.H.  |pos. smears intravaginal- days Radical atrophic endometrium 
col. 41 after ly 12,000 r. 
therapy externally 
4 Epid. ca. | Good None 2 gms. in 10 days wee | 3-31-40. None Epid.ca.pseudomucinous 
LK. stage I Radical with cystadenoma ovary, 
wh. 36 nodes nodes negative, late pro- 
liferative endometrium 
5 Epid. ca. | Poor— Subtotal hys- | 3.15gms.in 21days| *** | 4-4-49. Radical Severe pye- | epid. ca., 
A.P. stage III arteriosclero- terectomy stump with nodes,| lonephritis,| stump case 
col. 58 sis hydro- 5-16-48 cystectomy, vagi-| ileus, 
nephrosis, nectomy, ureteral] uremia, 
hydroureter, implant (1) and death 
left ligation (1) 
6 Epid. ca. | Poor— Intracavitary | 6 gms. in 28 days eK | 5-2-4909. None Epid. ca, 
E.M. stage II malnourished] radium in Radical with 15 nodes negative, 
col. 58 1933 for pro- nodes atrophic endometrium 
fuse bleeding 
7 Ca. in situ | Good None 3 gms. in 12 days eK -18-4 ‘None Fibroids, endometriosis, 
B.P. otal ) late secretory endome- 
col. 32 trium 
8 Epid. ca. | Poor— None Discontinued after | ** 8-10-49. Radical | None Epid. ca. 
E.S. stage IV metastatic 400 mgms. be- with nodes, cyst- 6 of 12 nodes positive, 
wh. 34 chest lesion cause of severe ectomy, vagi- proliferative endo- 
reaction at site of nectomy, bilateral metrium 
injection ureteral implants 
9 Epid. ca. | Poor Pelvic opera- | 7.425 gms. in 61 *e =| 9-9-49. Radical None Epid. ca., 
D.W. | stage III tion at 17 days stump with stump case 
col. 53 yrs. of age nodes, cystec- 
tomy, vaginec- 
tomy, bilateral 
ureteral implants 
10 Epid. ca. | Poor— Dec. 1947— 4-5 gms. in 29 days} *** | 9-23-49. Radical | Severe myo o- | Radiation necrosis of 
j.V. stage IV severe 7,080 mgm. with nodes, cyst- cardial in- bladder, atrophic 
col. O14 anemia, ar- hrs. of ra- ectomy vaginec- farct and endometrium 
teriosclerosis, dium to cer- tomy, bilateral pyelitis 
malnutrition vix. Jan. ureteral implants 
1948—1I0,000 
r. deep x-ray 
1L Epid. ca. | Poor— None 12.5gms.in 50days| *** | 11-11-49. None Epid. ca., 
ZS stage Il arteriosclero- Radical with atrophic endometrium 
col. 65 sis, 2 episodes nodes, vena cava 
of ‘pulmonary ligation 
infarction 
12 Epid. ca. | Fair None 16 gms. in 64 days | *** | 12-2-49. Radical | Died 12-25-| Epid. ca., 
M.P. stage III with nodes, cyst- 49. Not hemorrhagicandatrophic 
col. 61 ectomy, vaginec- satisfactor- endometrium 
tomy, bilateral ily ex- 
ureteral implants plained at 
autopsy 
13 Epid. ca. | Good None 7.25 gms. in 31 days| *** | 3-21-50 None Ca. in situ, 
E.P. stage I Radical with proliferative 
wh, 31 nodes endometrium 
14 Epid. ca. | Fair— 1926— 28.85 gms. in 113 ial 4-13-50. Radical | Mild attacks} Epid. ca. of cervix, corpus, 
G.H. | stage III obesity bilateral days with nodes, of pyelitis and bladder, 2 of 17 
wh. 56 oophorectomy cystectomy, nodes positive, atrophic 
vaginectomy, bi- endometrium 
lateral ureteral 
implants 
15 Ca. in situ] Fair None 18.5 gms. in 103 ** | 6-2-50 None Chronic cervicitis, 
G.McN. jays Radical with atrophic endometrium 
wh. 59 nodes 
16 Epid. ca. | Good 1946— 7.25 gms. in 31 days} *** | 6-7-50. None Epid. ca., 
M.W. stage I bilateral Radical with negative nodes, stump 
col. 36 oophorectomy nodes case 
17 Epid. ca. | Good None 16.25 gms.in65 | *** | 6-9-5o0. None Epid. ca., 
M.W. | stage II days Radical with negative nodes, 
col. 35 | nodes atrophic end trium 
18 Epid. ca. | Good None 16.25 gms.in65 | ** 6-14-50. None Epid. ca., 
E.G. stage II days | | Radical with negative nodes, 
wh. 65 | | nodes atrophic endometrium 
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a satisfactory clinical response cannot be 
stated. From the results obtained in this 
series, 1,200 milligrams in 12 days is the 
smallest amount which produced a satisfac- 
tory response. 

In the 13 patients (72 per cent) who 
showed a 3 plus gravidoid response, the clin- 
ical changes did not approach in degree 
those associated with an early pregnancy 
but were sufficiently marked to be consid- 
ered surgically favorable. The subperitoneal 
edema aided dissection along cleavage planes 
and the relaxation of the supporting struc- 
tures permitted easier mobilization of the 
pelvic viscera. These results alone are suf- 
ficiently encouraging to warrant further 
studies. 

Routine histopathologic studies on the sur- 
gical specimens failed to show a morphologic 
basis for the tissue changes previously de- 
scribed and attributed to the use of the 
steroid. However, the excised uteri of 4 of 
the 5 patients in the menstruating age group, 
all previously untreated by irradiation, con- 
tained atrophic endometria. The endome- 
trial pattern was described by the patholo- 
gist as similar to that seen during “early 
menopause.” This would suggest that the 
continuous administration of large amounts 
of progesterone may lead to atrophy of the 
endometrium. Similar changes in the endo- 
metrium of the estrogen-progesterone treat- 
ed ovariectomized monkey following the pro- 
longed use of the steroids have been reported 
(6). 

The urinary excretion levels for pregnan- 
diol glucuronide, which were determined and 
found to be within normal limits in every 
case in this series, have been reported in a 
separate publication (6). These findings, 
while indicating the patient’s ability to me- 
tabolize exogenous progesterone, were of lit- 
tle value in predicting the clinical response 
since the percentile recovery of the glu- 
curonide was not materially influenced by 
the dosage and the duration of therapy. 

With the ever increasing scope of surgery 
in the treatment of cancer, particularly in 
the advanced cases and those recurrent after 
irradiation, any method which aids the dif- 
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ficult task of the surgeon merits careful con- 
sideration. The degree of surgical ease and 
freedom which can be obtained by the use 
of large doses of progesterone preoperatively 
is a step in this direction. 


SUMMARY 


1. The results of the preoperative admin- 
istration of large doses of progesterone to 
18 patients with epidermoid carcinoma of the 
cervix uteri (including 2 cases of carcinoma 
in situ) are presented. 

2. In 75 per cent of the cases at the time 
of operation varying degrees of gross changes 
were demonstrated in the organs and tissues 
of the pelvis, not unlike those of early preg- 
nancy. These changes were designated as 
a gravidoid response. 

3. The degree of response revealed wide 
individual variations and was not directly 
related to dosage, age, and the manner and 
method of application of previous irradiation. 

4. The response facilitated the surgery 
and may be a factor in minimizing compli- 
cations. Therefore, large doses of proges- 
terone preoperatively are a valuable surgical 
adjunct to the performance of radical pelvic 


surgery. 
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UROLOGIC PROCEDURES EMPLOYED IN THE DIAGNOSIS 


OF URINARY-VAGINAL FISTULAS 


JAY R. LONGLEY, M.D., and LAURENCE F. GREENE, M.D., Rochester, Minnesota 


RINARY incontinence following 

gynecologic or obstetric operations 

is extremely distressing to both pa- 

tient and surgeon. In most in- 
stances the urinary leakage results from a fis- 
tulous connection between a portion of the 
urinary tract and the vagina. Too frequently 
hasty repair of the fistula is attempted, with- 
out adequate urologic study, in an effort to 
eradicate the patient’s incontinence and to 
allay the chagrin of both patient and surgeon. 
Successful repair of urinary fistula requires 
thorough and precise urologic study prior to 
operation. The purpose of this paper is to 
describe the urologic methods and procedures 
employed in such study. 


VARIETIES AND CAUSES 


Usually, urinary-vaginal fistulas are vesico- 
vaginal or ureterovaginal in nature. Other 
varieties of fistulas, such as vesicocervical- 
vaginal, ureterotubal, ureterouterine, and com- 
binations of these, occur and the skill of the 
urologist may be taxed to make a precise 
diagnosis before repair is attempted. 

The majority of the fistulas here considered 
result from obstetric or gynecologic trauma. 
They have developed following well conceived 
and well executed surgical procedures carried 
out by competent surgeons. 

Various surgical procedures may give rise to 
fistulas. Hysterectomy, either vaginal or ab- 
dominal, is the most common cause of vesico- 
vaginal or ureterovaginal fistulas. In their 
course through the parametrium the ureters 
lie close to the uterus. As they leave the 
parametrium the ureters approach to within 1 
inch (2.5 cm.) of the lateral fornix of the 
vagina. These anatomic relations explain the 
ease with which the ureters may be damaged. 
Furthermore, the pathologic process which 
necessitates the hysterectomy may extensively 
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alter the anatomic relations. The close prox- 
imity of the uterus and bladder likewise ac- 
counts for the ease with which the bladder 
may be torn, cut, or damaged by suture in the 
course of hysterectomy. Less frequently, plas- 
tic procedures applied to the vagina, vesical 
neck, or urethra may result in fistulas. 
Vesicovaginal fistulas following childbirth 
usually are attributable to trauma from ob- 
stetric forceps or to other maneuvers of the 
obstetrician during a difficult delivery. 


DIAGNOSIS 


The problems involved in diagnosis can best 
be considered by describing the steps taken by 
a urologist when confronted with a patient 
who is suspected of having a urinary fistula. 
He must first establish that the fluid which is 
escaping is urine. Not infrequently vaginal 
discharge of patients who have undergone 
recent vaginal operative procedures is mis- 
taken for urine. This question usually can be 
settled by visual examination of the vagina. 
If doubt remains, a pack can be placed in the 
vagina and 5 cubic centimeters of indigo 
carmine administered intravenously. The 
drug is excreted in the urinary tract and the 
pack will be stained bluish-green if a urinary 
fistula is present. 

Between them, the urologist and the patient 
should arrive at exact description of the na- 
ture of the leakage. This may suggest the type 
of fistula. Thus, vesicovaginal fistulas usually 
result in continuous escape of urine into the 
vagina, without voluntary urination. In most 
instances, insufficient urine is contained in the 
bladder to produce the sensation of the neces- 
sity to urinate. If the fistula is small, the pa- 
tient may be able to void small amounts of 
urine in spite of its constant escape into the 
vagina. If the fistula is high on the lateral or 
posterior vesical wall, the patient may be 
continent while supine. Associated cystitis 
may cause distress in the suprapubic area. 
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Certainly, the urologist should elicit a com- 
plete list of the symptoms. Patients who have 
ureterovaginal fistulas usually will recall that 
during surgical convalescence they experi- 
enced pain in the flank, and possibly chills and 
fever, prior to the onset of urinary incon- 
tinence. In spite of constant leakage of urine 
into the vagina, these patients experience 
normal vesical sensations and are able to 
urinate normally. The symptoms noted by 
patients with urethrovaginal fistulas vary 
with the site of the fistula. If the fistula is 
close to the vesical neck, the symptoms re- 
semble those of vesicovaginal fistula. Fistulas 
in the distal portion of the urethra result in 
escape of urine into the vagina only during 
urination. 

Roentgenologic examination. Excretory 
urography should be carried out in all cases 
in which urinary fistula is suspected. This ex- 
amination may suggest the correct diagnosis 
and will depict the condition of the upper part 
of the urinary tract. 

In cases of vesicovaginal fistula the upper 
part of the urinary tract will be normal unless 
antecedent urologic disease has been present. 
It is possible, however, that a ureteral orifice 
may be compromised by an inflammatory 
reaction secondary to a vesicovaginal fistula 
in its immediate vicinity; in such instances, 
hydroureter and hydronephrosis may occur. 
Ureterovaginal fistulas, on the other hand, 
usually are associated with abnormality of the 
upper part of the urinary tract. Excretory 
urography generally will disclose unilateral 
hydroureter and hydronephrosis of varying 
degree. Rarely, one kidney will not be visual- 
ized and, equally rarely, the upper part of the 
urinary tract will appear normal. Urethro- 
vaginal fistulas are not associated with 
changes in the upper part of the urinary tract. 

In the presence of any type of fistula evi- 
dence of a pool of opaque medium in the vagina 
may be seen; however, the affected kidney 
must retain function for this to be true of the 
ureterovaginal group. 

Cystoscopic examination. Cystoscopic ex- 
amination is undertaken following excretory 
urography. If a_ vesicovaginal fistula is 
present it usually can be visualized in the base, 
or posterior wall, of the bladder. If a fistula is 
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detected, its size and position should be noted; 
the relationship between the fistula, on the 
one hand, and the trigone and ureteral orifices, 
on the other hand, should be determined. The 
presence of multiple vesicovaginal fistulas and 
the degree of infection of the bladder should 
be noted. If a vesicovaginal fistula is large, 
cystoscopy may be unsatisfactory because of 
escape of the irrigating fluid. If the fistula is 
single and small, a guide thread passed through 
the fistula may make it more easily found at 
the time of surgical repair. For this purpose a 
No. 3 or No. 4 F. ureteral catheter is passed 
through the fistula into the vagina at the time 
of cystoscopy. A piece of surgical silk, com- 
monly called “‘fishline,” is tied to the end of 
the catheter and the catheter is withdrawn 
from the vagina until the fishline appears. The 
catheter is discarded and the ends of the fish- 
line are tied together. This serves as an ex- 
cellent guide at the time of surgical repair. A 
lead shot may be attached to the fishline and 
directed into the bladder up against the fistula. 
Tension on the vaginal loop of the fishline will 
draw the fistula into the surgical field. 

In cases of ureterovaginal fistula the bladder 
will appear normal. Ejaculation of urine from 
the involved ureter may be absent or weak. 
Obstruction will be encountered in the ureter 
during the passage of a ureteral catheter; 
usually the obstruction is impassable. 

Vaginal examination. Careful examination 
of the vagina is necessary in the presence 
either of vesicovaginal or of ureterovaginal 
fistulas. By reason of its size or position, it 
may be impossible to detect a vesicovaginal 
fistula on cystoscopic examination. Vaginal 
examination with the aid of a light-carrying 
speculum is helpful. In such instances, water 
may be instilled into the bladder and the 
vagina searched for the site of its escape. If 
this is unsuccessful, the fistula may be de- 
tected by using a dye such as indigo carmine 
instead of water. When the fistula is found, a 
catheter may be passed through it from the 
vagina into the bladder. For this purpose a 
curved director is helpful. A guide thread is 
tied to the end of the catheter, cystoscopy is 
performed, and the catheter is drawn out of 
the bladder until the guide thread appears. 
The guide thread is then tied in place. The 
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relationships of the fistula are noted at the 
time of cystoscopy. 

Detection of the vaginal opening of a 
ureterovaginal fistula frequently is aided by 
intravenous administration of indigo carmine. 
At times it may be possible to pass a catheter 
through the fistula by employing the curved 
director. The correct diagnosis is established 
by securing a pyelogram. 


THE UROLOGIST’S ROLE 

Frequently it is impossible to predict 
whether a ureter will be traumatized in the 
course of a proposed surgical operation. If, 
however, there is any reason to suspect that 
such trauma may occur, the urologist should 
be requested to place a catheter in each ureter 
prior to the operation. By this means the 
ureters can be more easily identified and 
avoided and the development of fistulas thus 
obviated. 

The urologic surgeon, the general surgeon, 
and the gynecologic surgeon each claims that 
repair of urinary fistulas is within his province. 
It is not the purpose in this paper to enter 
into medical polemics. However, if it is the 
intention of a surgeon, other than a urologic 
surgeon, to repair a urinary fistula, he should 
request the help of a urologist. For the sur- 
geon must know, before he begins to operate, 
whether a fistula is vesicovaginal, ureterova- 
ginal, or of some other variety. He must know 
also its exact nature and the nature of related 
conditions, as will appear. 

Vesicovaginal fistulas. It is imperative that, 
in a case of vesicovaginal fistula, the surgeon 
be informed of the exact number, size, and 
position of the fistulas before he attempts re- 
pair. Treatment of associated cystitis may be 
necessary to decrease infection in the tissues 
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which are to be employed in repair. If a 
vesicovaginal fistula is small, cystoscopic ful- 
guration and drainage by urethral catheter, 
while the patient is on a Bradford frame, may 
result in its closure. The value of preliminary 
insertion of a fishline has been explained. 

If the fistula is situated in the immediate 
vicinity of the ureteral orifice it is possible for 
the latter to be injured in the course of sur- 
gical repair. In such instances a catheter 
should be inserted into the ureter prior to 
operation in order to provide ready identifica- 
tion of the ureter. 

Ureterovaginal fistula. The method of deal- 
ing with ureterovaginal fistula will depend on 
the results of urologic study. The urologist 
can estimate the functional capacity and de- 
gree of infection of the ipsilateral kidney and 
the condition of the opposite kidney. These 
studies will determine whether conservative 
treatment is advisable or whether a radical 
procedure is necessary. If the ipsilateral kid- 
ney is in good condition, it may be possible to 
pass a ureteral catheter to the renal pelvis. 
The catheter is left indwelling for 10 to 14 
days and, in some instances, closure of the 
fistula will result. Urologic investigation may 
disclose that the kidney is damaged slightly or 
not at all, and that reimplantation of the 
ureter into the bladder is advisable. On the 
other hand, severe renal damage would in- 
dicate nephrectomy. 


SUMMARY 


Failures in repair of urinary-vaginal fistulas 
frequently are attributable to incomplete 
urologic study and treatment before opera- 
tion. Employment of various urologic meth- 
ods and of other adjunctive procedures facili- 
tates reparative surgical measures. 





CHANGES IN BLOOD VOLUME FOLLOWING ADMINIS- 


TRATION OF DEXTRAN—DETERMINED BY 
P* LABELED RED CELLS 


L. M. MEYER, M.D., N. I. BERLIN, Ph.D., G. M. HYDE, M.D., R. J. PARSONS, M.D., and 
B. WHITTINGTON, B.A., Berkeley, California 


ECAUSE of the widespread interest in 
the use of macromolecular substances 
as plasma volume expanders, the 
present study was undertaken to de- 

termine the changes in the whole blood and 
plasma volumes following the administration 
of 500 cubic centimeters of 6 per cent dextran 
(C.S.C.) in normal saline. Turner and his as- 
sociates observed an average increase of 370 
cubic centimeters in plasma volume 24 hours 
after the intravenous injection of 500 cubic 
centimeters of 6 per cent dextran in normal 
saline. 
METHODS 

Red blood cells were labeled with P* and 
the initial blood volume determined by the 
method of Hevesy and Zerahn as modified in 
this laboratory (1). At intervals of approxi- 
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Fig. 1. Left, Graphic presentation of data of patient A.H. 
Line A, in vivo rate of disappearance of P®* from the red 
blood cells; line B, extrapolation of line A from 48 to 72 
hours; line C, anticipated in vivo rate of disappearance of 
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mately 14, 34, 3, 5, and 22 hours, blood sam- 
ples were withdrawn and the P*® activity de- 
termined to measure the rate of disappearance 
of P*? from the red blood cells (Fig. 1). The 
next day the cells were relabeled with P* and 
the blood volume again determined. Imme- 
diately thereafter 500 cubic centimeters of 6 
per cent dextran in normal saline were injected 
intravenously during a period of approxi- 
mately 1 hour. After completion of the infu- 
sion, blood samples were obtained at intervals 
of 34, 4, 14, 214, 334, 55 6%, 8, and 22 
hours and the radioactivity determined. The 
radioactivity present as a result of the initial 
labeling of the cells was calculated and sub- 
tracted from the observed values. This was 
done by extrapolation of the curve for the dis- 
appearance of P*® from the red blood cells 
(Fig. 1, line A and line B). In order to obtain 
a graphic picture of the effect of dextran upon 
the blood volume, a third line (Fig. 1, line C) 
was drawn. This line represented the antici- 
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P® from red blood cells after second labeling; line D, the 
numerator N, for calculation of blood volume at any given 
time. 

Fig. 2. Right, Line C of Figure 1 for the 3 saline controls. 
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pated rate of disappearance of P*’ from the red 
blood cells after the second labeling, provided 
no change in blood volume occurred (Fig. 2, 
saline controls). The blood volume at any 
time was calculated from the equation: 
N , 

c.p.m. P®2/c.c. blood where N isthe 
number of counts per minute of P® injected. 
However, since P*? was disappearing from the 
red blood cells, N was constantly decreasing, 
the rate of this decrease being the same as the 
rate of disappearance of P* from the red blood 
cells. Then, a fourth line (Fig. 1, line D) may 
be drawn parallel to line A to represent the 
quantity N at any given time. 

Seven men from the orthopedic service hos- 
pitalized for fractures and otherwise in good 
clinical condition (with the exception of pa- 
tient R. Y., who had cirrhosis of the liver) 
were given the dextran as outlined. Three ad- 
ditional patients from the same service re- 
ceived 500 cubic centimeters of normal saline 
under similar conditions and served as controls. 





Blood volume = 


RESULTS 


A typical graph of a case is presented in 
igure 1, a graph of the saline controls in 
igure 2, and the data of all dextran cases are 
summarized in Table I. 


DISCUSSION 


igure 1 shows that in patient H. A. the rate 
of disappearance of P* from the red blood cells 
during a 24 hour period was constant and the 
half-time was 31 hours. The average half-time 
for disappearance of P** from the red blood 
cells was 21.5 hours with a range of ro to 34 
hours. This is in good agreement with the ob- 
servations of Nieset and his associates and 
Wasserman and his associates. Table I also 
shows the reproducibility of blood volume de- 
terminations on successive days. Excluding 1 
patient (H. A.) with a hypervolemia of un- 
known etiology the largest difference in blood 
volume was 350 cubic centimeters; the average 
was 183 cubic centimeters. 

Figure 2 shows that in the saline controls no 
significant change in blood volume occurred as 
a result of the administration of 500 cubic 
centimeters of normal saline. 
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Table I shows that in individuals—includ- 
ing the 1 person with hypervolemia but ex- 
cluding the 1 patient with cirrhosis of the liver 
—the maximum increase in blood varied from 
g6o to 2,850 cubic centimeters, averaging 
1,840 cubic centimeters. In 2 cases (W.L. and 
A.C.) there was a clear-cut double peak in the 
elevation of the blood volume; in 3 cases (H. 
J., E. S., and H. A.) there was a distinct 
tendency for a second peak, although the vol- 
ume change was not sufficient to consider this 
a clear-cut change. The sixth patient (L. T.) 
was not followed for a sufficient period of time 
to permit observation of a second peak. The 
maximal changes in blood volume of indivi- 
dual patients occurred from 15 minutes to 614 
hours after the administration of dextran. 
When a double peak was observed, the first 
rise was noted within 45 minutes after comple- 
tion of the infusion. The secondary peak oc- 
curred between 334 and 6% hours after com- 
pletion of the infusion. The maximal increase 
in blood volume (with the exception of patient 
R. Y., who had cirrhosis of the liver) averaged 
33.4 per cent and varied from 27 to 41.4 per 
cent. Thus, the degree of response in the pa- 
tients seems to be a function of the initial 
blood volume. However, further studies 
would be necessary, particularly in disease 
states, to make a definitive statement about 
the relationship between increase in the blood 
volume and the initial volume. 

At 8% hours after completion of the infu- 
sion the blood volume was increased in 4 of 5 
patients from 720 to 1,700 cubic centimeters, 
averaging 1,370 cubic centimeters. In the fifth 
case—incidentally the smallest initial blood 
volume and the smallest change—at this time 
the blood volume had returned to approxi- 
mately the initial value. In the 5 patients fol- 
lowed for a period of 22 hours the blood vol- 





ume averaged 220 cubic centimeters above the 
initial value. 

Blood volume increases calculated from 
changes in hematocrit did not coincide with 
those obtained by the methods described. The 
reasons for this discrepancy are not apparent. 

No untoward reactions were noted as a re- 
sult of the administration of the dextran. 


CONCLUSIONS 


1. The administration of 500 cubic centi- 
meters of 6 per cent dextran in normal saline to 
6 normal individuals produces an increase in 
blood volume varying from 960 to 2,850 cubic 
centimeters, averaging 1,880 cubic centi- 
meters. 

2. The maximum increase occurred from 4 
to 6% hours after completion of the infusion. 
Definite secondary increases in blood volume 
occurred in 2 patients and probably in an ad- 
ditional 3 cases. 

3. One patient, with cirrhosis of the liver, 
showed little change in the blood volume. 

4. Three patients showed no significant 
change in blood volume after administration 
of 500 cubic centimeters of normal saline. 
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THE ROLE OF RADIATION AND OF SURGERY IN THE 


MANAGEMENT OF UTERINE CARCINOMA 


FRANKLIN L. PAYNE, M.D., F.A.C.S., Philadelphia, Pennsylvania 


HE last word has not been written 
concerning the treatment of carcino- 
ma of the uterus, whether it be that 
of the corpus or of the cervix. The 
problem is in such a fluid state that no one can 
predict the final role of either radiation or sur- 
gery. One can, however, by evaluation of the 
methods and results during former and recent 
years and by study of the current experimen- 
tal measures evolve certain policies as to the 
present standard management of this disease. 
This we have done for our own guidance, and 
we present them for the consideration of others 
who are interested in this field of endeavor. 


CARCINOMA OF THE CORPUS 


First, to consider the lesion that arises in the 
endometrial cavity, spoken of as carcinoma of 
the corpus or the fundus, which in the past re- 
ceived less thought than cervical cancer. This 
lack of consideration was based upon a false 
impression of the favorable outlook in corpus 
cancer. Study shows, however, that former 
management resulted in the survival of less 
than half the patients. In 1936, Arneson (1) 
cited a survival rate of only 47.4 per cent in a 
collected series of 2,000 such patients. Recent 
reports indicate a considerable improvement, 
an example of which is seen in Table I that 
depicts the increment in survival rates at the 
Radiumhemmet (9) during the past 30 years. 
The percentage has been increased approxi- 
mately 20 to reach a level at which the out- 
look for almost two-thirds of the patients is 
favorable. While such excellent figures do not 
appear from all institutions, including ours, 
Norman Miller in 1946 reported a 5 year fig- 
ure of 64.5 per cent. At the same time his 
“planned therapy” for a selected group of 96 
patients resulted in 77 per cent survivors. 

We now turn to our methods and results 
from 1931 to 1945, during which time the man- 
agement of corpus carcinoma was conducted 
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in the following manner. Preference was given 
to the surgical treatment of those patients who 
were good operative risks, when the disease 
was thought to be limited to the uterus. About 
one-fourth received intracavitary tandem ra- 
diation prior to operation, while the remainder 
were treated by immediate surgery. For the 
poor surgical risks and for those with disease 
that had extended beyond the uterus, radia- 
tion by intracavitary sources and by subse- 
quent x-ray therapy was preferred. 

During this time 211 patients with corpus 
cancer were in our hands throughout their 
therapy. Three of these, apparently free of 
cancer, died from other causes less than 5 
years following treatment. Of the remaining 
208 patients, 115 (55.3 per cent) are well and 
seem to be free of cancer for 5 or more years 
after therapy. 

For analysis the 208 patients were placed in 
two groups according to our clinical estimate 
of the extent of the disease. Those in whom 
the growth seemed to be confined to the uter- 
us, technically operable, numbered 163 (79 per 
cent). The technically inoperable group, with 
growth extended beyond the uterus numbered 
45 (21 per cent). The survival rate was 66 per 
cent in the former and only 15 per cent in the 
latter class. The technically operable group 
was divided into three subgroups according to 
the size of the uterus—no enlargement, in- 
creased but not above the size of a 2%4 months’ 
pregnancy, and enlargement beyond that size. 
The survival rate decreased as the enlarge- 
ment increased in the order of 82, 62, and 34 
per cent. Whether the enlargement results 
from extensive malignant involvement, myo- 
mas, or both, the technical difficulties of treat- 
ment are increased tremendously. This is re- 
flected in the very low survival rate that at- 
tends the very large uteri. Obviously, future 
therapy for these problems must include spe- 
cial consideration, which will revolve around 
the technique of preoperative radiation as 
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TABLE I.—CARCINOMA OF THE CORPUS AT THE 
RADIUMHEMMET, STOCKHOLM, IMPROVE- 
MENT IN RESULTS OF THERAPY 
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No. of | after 5 years 
Years patients = 
treated | : 
| | No. Per cent 
1914-1928 = 149 | 62 41.6 
1929-1033 | 213 | Ior | ATA 
_ ——--- | eee rc ee 
1934-1938 | 264 | 171 | 64.7 
5 = 
1939-1943 1943 | _ 354 208 | 59.0 
ro44-toas. | 77 113 63-9 





either external supervoltage therapy, intra- 
cavitary multiple source application, or a com- 
bination of the two. The work of Arneson (2), 
Corscaden, Miller, Scheffey and others has 
convinced most students of this subject that 
preoperative radiation should comprise the 
initial step in the treatment of corpus carci- 
noma. If intracavitary radiation is used, the 
simple tandem application may be effective in 
small uteri; but when the cavity is enlarged 
or distorted, multiple small sources are re- 
quired for effective dosage. Among the many 
methods of meeting this requirement, the mod- 
ified Crossen technique or the Heyman pack- 
ing method seems to be the most satisfactory, 
and we are now using them. The results that 
we report herein, however, are based upon the 
older tandem applications; and this may well 
be one of the causes of our poor survival 
figures. 

In the effort to find other defects in our 
management we divided the technically oper- 
able group into four subgroups, depending on 
the type of therapy (Table II). While this so 
reduces the samples that the numbers are too 
small for statistical significance, the analysis 
does provide suggestive information. Imme- 
diate hysterectomy resulted in the loss of 2 
out of every 10 patients. Of the failures fol- 
lowing immediate hysterectomy, 4 had very 
early lesions for whom the outlook appeared 
to be excellent at the time of operation. Pre- 
liminary radium, then hysterectomy, saved 26 
out of 28 patients, to produce the best results 
of any type of therapy. In the group treated 
by hysterectomy and subsequent radiation the 
loss amounted to 25 per cent. Radiation alone 
resulted in the survival of only 40 per cent of 


the patients to give the poorest results of all. 
This table supports the belief that the greatest 
success will follow preliminary radiation and 
subsequent surgery. Immediate operation, 
whether followed by radiation or not, seems 
to be a poor second and radiation alone is a 
very poor third. Naturally, the question arises, 
“Why treat any of these technically operable 
patients by radiation exclusively?” In most 
instances this choice was dictated by consti- 
tutional conditions that discouraged radical 
surgery. As the risk of pelvic surgery de- 
creases, due to improvements in preoperative, 
intraoperative, and postoperative care, the 
group of technically operable but constitu- 
tionally inoperable patients should become 
smaller. Indeed, the great superiority of the 
combined therapy over that of radiation alone 
justifies a deliberate effort to lift such patients 
into the operable group, even though this may 
entail a moderately increased mortality risk. 

This statement does not apply to those pa- 
tients in whom the lesion has spread beyond 
the uterus. This group consisted of 45 pa- 
tients. It is seen in Table III that only 15 
per cent survived 5 years. The total survival 
occurred when the treatment consisted solely 
of radiation. There were no survivals follow- 
ing operation alone and none following sur- 
gery with subsequent irradiation. This em- 
phasizes the futility of the average surgical 
effort in the treatment of corpus cancer after 
it has spread beyond the confines of the uterus, 
even if postoperative radiation is used. Be- 
cause of the frequent difficulty in detecting 
this spread upon initial examination, the final 
decision should be reserved until a full course 
of radiation has been administered and the 
reaction has subsided. At this time, careful 
examination under anesthesia with curettage 
may enable reclassification with assignment 
to surgical treatment and the accompanying 
brighter prognosis. 

This study and review of the literature have 
led us to the following alignment of surgery 
and irradiation in the treatment of corpus 
carcinoma. They have complementary roles 
in that radiation should serve as the prelimin- 
ary step in all cases. Surgery comprising 
wide total hysterectomy and bilateral sal- 
pingo-oophorectomy should be the second 
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TABLE Il. —CARCINOMA OF THE CORPUS AT THE 
HOSPITAL OF THE UNIVERSITY OF PENNSYL- 
VANIA (1931 TO1945), RELATION OF CLINICAL 
EXTENT AND METHOD OF TREATMENT TO 
5 YEAR END RESULTS 
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TABLE III. —CARCINOMA OF THE CORPUS AT THE 
HOSPITAL OF THE UNIVERSITY OF PENNSYL- 
VANIA(1931 TO 1945), RELATION OF CLINICAL 
EXTENT AND METHOD OF TREATMENT TO 
5 YEAR END RESULTS 





















































Cancer confined to uterus | Cancer extended beyond uterus 
Snes ——— 

Method of treatment Free of cancer Method of treatment | Free of cancer 

No. of | eee 

patients patients | | 

No. Per cent No. | Percent 
"Hysterectomy 46 37 80.4 Radium and hysterectomy | I | ° | 0.0 
“Radium and hysterectomy 28 26 92.9 Hysterectomy | 4 } ° 0.0 
i Hysterectomy and irradiation 24 18 75.0 Hysterectomy and irradiation 7 | ° | 0.0 
"Radiation 65 27 40.8 Radiation 33 | 7 | ane 
Total 163 108 66.3 Total 45 7 | 15.5 











step, unless operation is contraindicated. The 
contraindications consist of either extension 
beyond the uterus or such constitutional im- 
pairment that the risk of major surgery will 
outweigh the proved superiority of postradi- 
ation operation. Final decision is reserved 
until radiation therapy and repeated re-evalu- 
ations are conducted, with the hope of ele- 
vating the patient to the surgical group. If 
ultimately operation is judged to be unwise, 
further radiation by both avenues intracavi- 
tary multiple small sources and x-ray is ad- 
ministered. This therapy is instituted im- 
mediately following the final decision and 
carried to the full limit of tolerance, as ex- 
pressed in terms of tissue units. Thereafter, 
no more intensive radiation is considered. Ex- 
perience has taught that anything more than 
palliative therapy for recurrent growths fol- 
lowing previous intensive radiation is inef- 
fective and may even be harmful. 

Recent literature refers to the theoretic 
promise of improved results by radical hy- 
sterectomy with extensive regional node dis- 
section. This procedure, because of its surgi- 
cal magnitude and its unproved worth, should 
remain in the field of clinical experimentation 
until its value has been determined by the 
modern pioneers in pelvic surgery. It should 
be undertaken only by specially trained pelvic 
surgeons under ideal environmental con- 
ditions. 

Ultraradical surgery—and by this we mean 
pelvic evisceration—may have a place as a 


measure of desperation in the far advanced 
cases or in the extensive recurrences. This 
approach also is in the experimental stage, 
and such procedures should never be under- 
taken except in desperate circumstances and 
under ideal conditions for very major radical 
pelvic surgery—with full recognition of all of 
its immediate and late hazards, difficulties, 
and disappointments. 


CARCINOMA OF THE UTERINE CERVIX 


Cancer of the cervix is conceded to be more 
rapidly fatal than that of the corpus, and the 
survival figures have been proportionately 
poor. As in the case of body carcinoma, how- 
ever, these figures have undergone distinct 
improvement during the past 15 years. The 
enhancement in the results of radiotherapy 
at Radiumhemmet (11) is seen in Table IV 
that depicts the survival rate in successive 
periods from 1914 to 1943, with an increase 
from 22.0 per cent in the first series to 41.5 
per cent in the last. This table is a modifica- 
tion of that published by Kottmeier (10) in 
that 32 patients treated secondarily by sur- 
gery are deleted as radiation failures. Not 
included in this table, but appearing in the 
latest report from Radiumhemmet (10) are 
the figures upon 602 patients that were treated 
in 1944 and 1945, with a 5 year apparent re- 
covery rate of 45.2 per cent. The therapy 
was conducted largely under the direction of 
Dr. James Heyman (8), who had this to say 
in another publication: “The improved re- 
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TABLE IV.—CARCINOMA OF THE UTERINE CER- 
VIX (STAGES I-IV—LEAGUE) AT THE RADI- 
UMHEMMET, STOCKHOLM,* IMPROVEMENT 
IN RESULTS OF RADIOTHERAPY 




















| 
Apparent recoveries 
No. of after 5 years 
Years patients wa a 
treated 
No Per cent 
1914-1929 1439 | 310 22.0 
1929-1934 948 245 25.8 
1934-1939 1224 459 37-5 
1939-1044 1356 | 562 | 41.5 





*Taken from Kottmeier’s report 


sults are due to a superior judgment in hand- 
ling the individual case which, in turn origi- 
nates from increased experience.” 

This improvement may be due to variation 
in the quality of material or to actual in- 
creased therapeutic results. In order to de- 
termine the relative importance of the two, 
Table V was prepared from Kottmeier’s (11) 
recent report from Radiumhemmet. The 
table depicts the results in two series of 5 
years each, taken 10 years apart, with an over- 
all increment of 15.7 per cent. Consideration 
by stages shows an increase in the early cases 
with a decrease in the late ones, and it also 
shows the improvement in the apparent cure 
rate in each stage from I through IV to follow 
the order of 11, 14, 7, and 5 per cent. Not 
only is the material better, but the actual 
therapeutic results are also improved. 

By use of the formula that Heyman (6) 
introduced in the last Annual Report, we find 
the average variation due to change in quality 


TABLE V.—CARCINOMA OF THE UTERINE CER- 
VIX, RESULTS OF RADIOTHERAPY AT THE 
RADIUMHEMMET 
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Stage Percent- | Relative Percent-| Relative 
No. of | age in apparent | No. of | agein | apparent 
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of material to be 1.2 per cent, while the aver- 
age improvement due to therapy is 9.5 per 
cent. 

Finally the table was subjected to statistical 
analysis by use of the chi square formula. 
This showed a highly significant increase in 
the overall apparent recovery rate. When 
the therapeutic results were analyzed by 
stage, they were found to be highly signifi- 
cant in stage II, significant in stage III, and 
not significant in stages I and IV—due to 
the small size of the samples. This evidence 
convinces us that in the Radiumhemmet 
modern radiation is producing better results, 
and we earnestly believe that this record will 
be duplicated by others who keep pace with 
the progress of modern radiotherapy. 

An example is seen in the achievement of 
McKelvey who reported a 53.6 per cent sur- 
vival rate from radiation therapy for 297 pa- 
tients. In discussing this record McKelvey 
listed three major factors: more early cases, 
meticulous care of the patient and of the ir- 
radiation details, and hospitalization during 
the entire treatment at which time unceasing 
efforts are made to improve the patient con- 
stitutionally by means of vitamins, high pro- 
tein diet, and by multiple transfusions if 
necessary. This report strengthens our con- 
viction that radiation, with modern medical 
care, has not reached its ultimate effective- 
ness in the treatment of cervical carcinoma. 

A similar experience has been ours at the 
Hospital of the University of Pennsylvania. 
During the period from 1930 to 1945, three 
successive 5 year series showed the following 
survival rates: 28.6 per cent, 39 per cent, and 
44.8 per cent. 

A more detailed analysis of our last 5 year 
series is seen in Table VI, with the patients 
grouped as to the clinical stage of advance- 
ment by the League of Nations classification. 
While no patients who did not have invasive 
carcinoma are included, the high percentage 
of early lesions is striking. Approximately 1 
out of every 4 patients with stage I cervical 
carcinoma did not respond to therapy, and 
slightly less than one-half of the stage II cases 
responded. By combining stages I and II, 
the survival rate is 57 per cent, while in the 
more advanced stages (III and IV) 25 per 
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cent survived, to emphasize the importance 
of early diagnosis and treatment. This im- 
provement in radiation results (no surgically 
treated patients are included) may be ascribed 
not only to more early cases but also to in- 
creased therapeutic achievement, due to the 
following policies: the treatment of the pa- 
tient as a whole, rather than the simple attack 
upon her cervical cancer; an alteration in the 
sequence of radiation with the initial treat- 
ment by x-ray and the subsequent treatment 
by local multiple small sources, the concept 
of tissue dosage with the effort to reach proper 
levels by a combination of x-ray and radium 
therapy, and finally, the closest co-operation 
between the departments of radiology and 
gynecology, with the individualization of each 
problem and frequent consultation between 
the senior members of both departments. 
Thus, it is obvious that radiological therapy 
for cervical carcinoma is not static nor have 
the results reached a plateau, as some claim. 
Close study reveals these pessimistic claims 
to be based upon figures that include all the 
data—from the first reports to the present 
and not upon a breakdown into 5 year groups, 
as we have done in this study. It is only by 
analysis of the recent reports that the true 
picture of the present day results are obtained, 
and it is only by continued effort to increase 
the effectiveness and the safety of radiother- 
apy that future results will exceed those of 
the present reading. Despite the promise of 
modern radiation therapy, it must have its 
limitations. By recognition of these limita- 
tions and by the consideration of alternate or 
supplementary measures, further increase in 
the survival rates may be expected. 
Concerning immediate operation as the 
alternate measure, one naturally feels the 
compelling desire to excise a malignant lesion 
from the body of a patient when such a pro- 
cedure is feasible. We must not fall prey to 
this urge in the treatment of cervical cancer, 
however, unless proof is offered in the future 
of the long term superiority of the surgical 
approach over the less dramatic and less 
glamorous radiological treatment. The radi- 
cal operation for cervical cancer is one of the 
most major procedures in gynecology today. 
Those who are familiar with its technical dif- 
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TABLE VI.—CARCINOMA OF THE UTERINE CERVIX 
AT THE HOSPITAL OF THE UNIVERSITY OF 
PENNSYLVANIA (1940 TO 1945), RESULTS OF 
RADIATION THERAPY 
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ficulties and its potentialities of injury, shock, 
and hemorrhage are unanimous in the con- 
viction that this operation should be under- 
taken only by one who is particularly trained 
for the purpose and under environmental con- 
ditions that are ideal for its accomplishment. 
Furthermore, anything less than the radical 
procedure, consisting of total hysterectomy 
with excision of the regional lymph nodes, 
the parametrial, pararectal and paravaginal 
tissues, and the upper vagina is futile. Meigs 
(13) and his group have doe 280 combined 
radical hysterectomies and pelvic lymphade- 
nectomies with but 2 deaths, neither of which 
was surgical. Brunschwig (4) reported the 
primary surgical mortality of this extended 
operation upon 225 unselected patients to be 
less than o.5 per cent. These splendid ac- 
complishments prove that, under ideal en- 
vironmental conditions and with consummate 
surgical skill, the radical operation can be 
done safely. It is being done, as an experi- 
mental project in several large institutions, 
but it is not ready for general adoption be- 
cause of its surgical magnitude and because 
of the lack of proof, that the ultimate results 
will surpass those obtained by modern radio- 
logical therapy. As to surgical results, Meigs 
reported a 74 per cent 5 year survival rate in 
85 instances of invasive cervical cancer (stages 
I and II League) that were treated by the 
radical operation. The most recent Annual 
Report, edited by J. Heyman (7), lists 201 
operative cases (stages I and II League) col- 
lected from 9g different clinics with a 5 year 
apparent recovery rate of 63.7 per cent. Con- 
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cerning this report Heyman states: “‘A direct 
comparison of the cure rates in operative 
cases and in those treated by radiotherapy 
only is not justifiable since the operative series 
relates to highly selected material. A series of 
cases treated by radiotherapy only and sim- 
ilarly selected is not available.” Not only 
is this true, but comparison of the results of 
old radiation techniques to the recently re- 
ported operative survivals obviously would 
weigh the evidence in favor of surgery. Both 
the radical operation and the modern con- 
cepts of radiation therapy have been in vogue 
too little time for evaluation of their ultimate 
effectiveness. Until sufficient time elapses to 
permit the accumulation of adequate data for 
the comparison of the two, the keystone of 
the day to day therapy for invasive cervical 
cancer should continue to consist of radiation. 

As to the complementary use of radiation 
and surgery, this field should be explored 
further, in the form of clinical experimenta- 
tion, in the care of both the regional lymph 
nodes and the radioresistant tumor. Regard- 
ing lymph node involvement the following 
points should be considered: the incidence of 
involvement, the effect of x-ray therapy, the 
safety of surgical removal and the effective- 
ness of this procedure. Judging from infor- 
mation furnished by several writers, the inci- 
dence of involved pelvic nodes in the ‘‘oper- 
able” cases seems to range from 18 per cent 
to 34 per cent. Anent to the effect of x-ray 
therapy, the postradiation persistence of 
positive nodes seems to range from 16 per 
cent to 25 per cent. According to Nathanson 
the surgical removal of nodes is a reasonably 
safe procedure if done extraperitoneally by 
an expert, and it may be done transperitoneal- 
ly with similar safety, as demonstrated by 
the Meigs’ series. The therapeutic results of 
node dissection, as judged by available scanty 
reports, have not been promising. Morton 
reported a 5 year survival of 6 out of 16 pa- 
tients with involved nodes that were removed 
surgically, but 3 died subsequently of recur- 
rence. Meigs stated that 5 of 19 patients with 
positive nodes that were removed are living 
and well 5 years after operation. Both au- 
thors included patients for whom radical hy- 
sterectomy was done also. While the matter 
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of node involvement demands attention, suf- 
ficient data have not been accumulated to 
catalogue its management, as yet. In the 
past, radiologists have been reluctant to ad- 
minister adequate dosage to the node bearing 
areas, because of the danger of injury to vital 
structures. With improvements in the tech- 
nique of radiation and with the adoption of 
tissue unit thinking it may be feasible and 
safe to administer a cancerocidal dose to the 
regional lymph nodes. Since their surgical 
removal by experts is reasonably safe, the 
logical tentative approach seems to consist of 
modern adequate radiation therapy to be fol- 
lowed by excision and microscopic study. 
This experiment would serve the dual pur- 
pose of determining the destructive effective- 
ness of radiation and of judging the value of 
postirradiation lymphadenectomy. Until the 
operative technique has been developed fully 
and until its efficacy has been established, it 
should remain in the hands of skilled pelvic 
surgeons who are equipped to conduct it as a 
clinical experiment. 

A second surgical supplement to the radio- 
logic treatment is seen in the radical operation 
for radioresistant tumors. About 25 per cent 
of early cervical cancers do not respond to 
radiation. At present no rule of thumb exists 
for the determination of radioresistance, and 
we must depend upon repeated smears, biop- 
sies, and clinical observations. The impor- 
tance of this problem is stimulating much ex- 
perimental work. It is hoped that very soon 
the early recognition of radioresistance will 
permit appropriate surgical measures prior to 
advancement beyond the scope of any ther- 
apy. Until then we must depend upon the 
forementioned diagnostic measures. 

A further indication for surgery lies in the 
obvious local recurrence of the disease, follow- 
ing full radiation and in the absence of palp- 
able parametrial extension. It is well recog- 
nized that secondary intensive radiation ther- 
apy for local recurrences should not be under- 
taken because of the great likelihood that it 
will simply add fuel to the malignant flame. 
Thus, the only recourse is that of wide surgical 
excision. 

The final postradiation surgical approach 
is mentioned for completeness but not for 




















seneral adoption. It consists of the very radi- 
cal pelvic exenteration in the advanced case 
that may finish the patient up, if she sur- 
vives, with a wet colostomy. Brunschwig 
3) reported upon 100 such operations with a 
‘6 per cent surgical mortality. Twelve per 
ent have survived over 35 months. Brunsch- 
vig stated that this type of surgery should 
ot be undertaken except by those well quali- 
ed in the broadest sense to deal with the 
,ajor surgical problems of the pelvis and the 
idomen. Our experience with this procedure 
is been limited and unfavorable. Based 
,on this experience and that of many others, 
e are loathe to undertake it, unless con- 
ncing evidence should be produced in the 
ture that it is justifiable in terms of pro- 
igation of life and in terms of reasonable 
mfort during that period of prolongation. 


SUMMARY 


This study was made in order to crystallize 
r thinking as to the modern day to day 
inagement of uterine carcinoma. In cancer 
the corpus the complementary use of radi- 
on and surgery is increasing the survival 
e. For the inoperable cases, both low in- 
i. nsity intracavitary packing and x-radiation 
- indicated. 
In cervical cancer, primary radiation by 
« ternal and local approaches remains the 
k -ystone of therapy, while the supplementary 
u-c of surgery has certain limited indications. 
l‘or both conditions the recent introduction 
0! radical and ultraradical measures is a com- 
niendable experimental undertaking that may 
add much to our therapeutic armamentarium 
in the future. 
l‘or the present, however, it seems to be 
both wise and humane not to abandon the 
proved methods in favor of the more dra- 
matic and more hazardous but unproved 
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measures in the day to day treatment of this 
disease. 
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Fig. 3. 


Fig. 1. The transverse incision is about 1 inch above umbilicus; ordinarily the right 
rectus is completely severed, the left only partially. 

Fig. 2. Line of complete incision. The upper part is made first. This, when made, 
interrupts all vascular and lymph channels to and from entire portion to be removed. 

Fig. 3. Splitting omentum up to site of colon section and cleaning area of section con- 
stitute the first operating step in technique. 


Physiologic Resection of the Right Colon.—J. Peyton Barnes. 











PHYSIOLOGIC RESECTION OF THE RIGHT COLON 


J. PEYTON BARNES, M.D., F.A.C.S., Houston, Texas 


HE surgical attack on a malignant 
lesion, wherever located, is ordinarily 
carried out according to well estab- 
lished and thoroughly accepted prin- 
iples. One such basic principle is that, when- 
ver possible, the blood supply to and the 
vmphatic vessels from the lesion be severed 
«fore the lesion itself is removed or manipu- 
ted. This is to prevent forcing, by such 
anipulation, malignant cells into the areas 
vyond the site of surgery via the blood and 
mph channels. It is not always possible to 
hieve the ideal in this respect, but when this 
inciple can be utilized, it most assuredly 
ould be. The various techniques for surgery 
cancer of the breast uniformly and invari- 
ily endorse and employ this principle, and no 
.e would think of doing otherwise. 
Resection of the right colon has become a 
ry standardized procedure, and a search of 
' cent literature plus a visit to some of the 
untry’s largest clinics show that the same 


technique is rather universally employed. 
After determining the operability of the lesion, 
the surgeon incises the peritoneal reflection 
just lateral to the cecum and ascending colon, 
carrying the incision upward around the 
hepatic flexure and downward around the 
cecum onto the posterior layer of the ileal 
mesentery. Then the whole right colon with 
the growth is mobilized along with the ter- 
minal ileum, and the entire mass carried 
toward the midline. From here on there are 
minor variations in technique regarding the 
ligation of vessels and the type of anastomosis, 
but the really important feature of the whole 
procedure is, it seems to me, that the principle 
of severing the vascular and lymphatic chan- 
nels of the lesion first has been grossly violated. 
Furthermore, the act of mobilizing the cecum 
and ascending colon with the growth neces- 
sarily demands a great deal of rough handling 
of the tumor itself, and, if there is anything to 
the theory that malignant cells can be manu- 





Fig. 4. Section of colon is usually done between clamps, as shown, no matter 
what type of anastomosis is to be done later, in order to keep the field perfectly 
clean and dry. The space behind the mesocolon is entered, and the mesocolon is 
separated from all posterior relations just in the incision line, ligating each vessel 
separately. This dissection is very easy, and any nodes are readily seen 
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Fig. 5. On reaching the deepest part of the dissection one has usually either 
cut the ileocolic artery or is very close to it, and the lower section of the inci- 
sion is now made, cutting ileum between clamps as shown. 





Fig. 6. The clamps are approximated with a small screw clamp (a). A two 
row anastomosis carried out. The method of placing the sutures as shown 
results in the smallest possible amount of bowel end being turned in yet gives 


maximum security. 


ally expressed into the lymphatic channels, 
they most assuredly are by this technique. 
Finally, after careful consideration of all the 
anatomical factors involved it seems evident 
that violation of these two accepted surgical 
principles is, in the case of the right colon, 
wholly unnecessary. A technique was then 
planned so that these principles would be 
obeyed, not violated. This technique cannot 
possibly be a new procedure, and the tech- 
nique now to be described observes these prin- 
ciples far better. 


PROCEDURE 

1. A transverse incision, cutting both recti 
about 1 inch above the umbilicus is used 
(Fig. 1). 

2. Resectability is decided upon. 

3. The site for section of the colon is estab- 
lished, usually a little to the right of the main 
trunk of the midcolic artery (Fig. 2). 

4. The omentum is now split up to site 
selected for colon section (Fig. 3a, 3b). 

5. The colon is cleared of all fat at the site 
of section and cut between clamps. A straight 
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Fig. 7. Removal of the entire specimen is now in order. The first step here is to 
make the incision through parietal peritoneum lateral to cecum and ascending colon, 
as indicated by dotted line. After this is made, the dissection shown in this illus- 
tration is begun from above downward, and from within outward. 


ichsner clamp is used on the distal end if an 
id-to-end closed type of anastomosis is con- 
mplated (Fig. 4a). 

6. Beginning at this site of colon section, 
orking from above downward, the colon and 
‘ransverse mesocolon with all vessels and 
mph nodes are separated from all posterior 
iclations. As the dissection proceeds down- 
ward, all vessels are identified, doubly ligated, 
and cut (Fig. 4a, 4b). The line of this first 
incision is indicated in Figure 2, and in com- 
pleting it one sections a branch of the mid- 
colic, the right colic, and the ileocolic arteries. 
7. When this incision as described is com- 
plete, the site for section of the ileum is se- 
lected and cleared. Since metastases are 
known to travel along the ileocolic artery, one 
must be sure to include this. The ileum is then 
cut between clamps as shown in Figure 5a and 
b. Note direction of handle of clamp on 
proximal ileal end. The reason for this is that 
when the ends of bowel are approximated for 
anastomosis the clamp on the ileal end will lie 
alongside that on the distal colon. The 


mesentery of the ileum is now incised upward, 
ligating and cutting all vessels separately until 
this incision joins the first one made from 
above downward through the transverse meso- 
colon (Figs. 2 and 5a, b). 

8. Without further dissection, the Ochsner 
clamps on the end of distal colon and proximal 
ileum segments are brought together, and a 
two-row, end-to-end closed anastomosis per- 
formed (Fig. 6). However, the type of 
anastomosis, open or closed end-to-end or end- 
to-side, is a matter of choice and expediency. 
Poth’ has described a technique for open 
anastomosis which is extremely satisfactory 
and is the writer’s choice when a closed type 
is not feasible. 

g. The mesenteric defect is now closed, in- 
terrupted sutures being used and placed from 
the posterior surface. Thus, the blood vessels 
are more easily avoided, and the anterior or 
smooth surface of the mesentery remains 
smooth and free of suture knots (Fig. 7). At 


1PotH, Epcar J. A technique for suturing bowel. Surg. Gyn. 
Obst., 1950, 91: 656-650. 
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Fig. 8. Coatinuing the removal of the ascending and 
transverse colon directly toward the lesion. Identification 
of the duodenum and ureter is very easy. The field is re- 
markably dry, and the lesion is removed last of all. 
this point, except for removal of the lesion 
plus its attached large and small bowel, the 
operation is complete. The field has, or should 
have been, dry and clean throughout. Very 
little oozing has occurred, and almost no 


bleeding, and no extensive packing of raw 
spaces has been necessary. The vascular and 
lymph channels to and from the lesion have all 
been severed, and, best of all, the lesion has 
received an absolute minimum of manipula- 
tion. 

10. Now one is ready to remove the right 


colon, lesion, and terminal ileum. At this 
point we incise the peritoneum lateral to the 
colon along the dotted line (Figs. 8 and 9) ex- 
actly as is done in the present standard tech- 
nique as the first slep. By doing so at this 
point stripping up of peritoneum beyond the 
desired line is prevented. The colon is not 
mobilized from without inward. 

11. All vascular and lymphatic channels to 
and from the lesion have now been severed. 
The anastomosis is complete. Beginning 
medially and above, working outward and 
downward, the right colon, mesocolon, with 
all involved nodes, vessels and ileum are care- 
fully cleaned from the underlying structures. 


Fig. 9. The completed operation. A few interrupted 

sutures will serve to anchor the colon and the terminal 
ileum adequately, and the entire area is pretty well reperi- 
tonealized. 
This procedure removes the lesion Jast of all 
(Figs. 7 and 8). Very noteworthy is the fact 
that ligating all the vessels first reduces 
greatly the amount of oozing in the large raw 
space. 

12. The colon and ileum are laid over the 
raw area (Fig. 9). A few interrupted sutures 
suffice to fix the colon and ileum adequately, 
and the abdomen is closed. 


SUMMARY 


The technique described adheres to the 
principle that the blood and lymph channels 
of a lesion should be severed before manipu- 
lating the lesion itself. In this location this 
technique is very easy to carry out—much 
easier than the procedure now so widely in use. 
Furthermore, in a very limited experience 
with it, I feel sure the patients have much less 
operative shock. 

The advantage of working in a clean, dry 
field at all times is impressive. As stated pre- 
viously, the procedure now seems so reason- 
able and based on such good surgical princi- 
ples that I cannot believe it to be a new de- 
parture, but merely the dusting off of a very 
old (albeit long-forgotten) technique. 





INTRAMEDULLARY NAILING IN 
THE PRESENCE OF INFECTION 


An Experimental Study in Dogs 


H. LOWRY RUSH, JR., M.D., WILLIAM THOMAS FITTS, JR., M.D., F.A.C.S., 


JOHN GIBBONS, M.D., 


N recent years intramedullary nailing has 
become a recognized procedure for the 
treatment of several types of fractures. 
In certain fractures of the femoral shaft 

is probably the best method now available. 
reat dispute has arisen over the safety of 
ing intramedullary nailing in the presence of 
ntamination (as in open fractures) and the 
visability of removing the nail if infection 
velops. It seemed worth while to perform 
periments that might test the effect of 
tramedullary nailing on fracture healing in 
e presence of gross contamination. 
The dog’s ulna at the junction of the middle 
«uid distal thirds provides an excellent site for 
e study of fracture healing. A fracture at 
‘is level heals without any applied method of 
immobilization because of the radius, which 
“mains intact and maintains length of the 
ulna fragments, and the strong interosseous 
membrane, which gives some stability to the 
ulna fragments and tends to limit rotation. 
|:xperiments! on noninfected fractures of the 
dog's ulna at this level showed that the inser- 
tion of an intramedullary wire allowed earlier 
union than when a wire was not used (Fig. 1). 
lt was believed that the increased stability 
allorded by the wire was responsible for the 
more rapid rate of healing. It appeared that 
this stability outweighed the untoward effects 
of the wire, namely destruction of the marrow 
cavity and the presence of a large foreign 
hody. When the nail was divided at the frac- 
ture site, eliminating its immobilizing effect, 
From the Harrison Department of Surgical Research, School 
of Medicine, University of Pennsylvania, Philadelphia. 
Presented in the Forum on Fundamental Surgical Problems be- 
fore the Clinical Congress of the American College of Surgeons, 
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healing took longer on the nailed than on the 
unnailed side (Fig. 2). 

In the study herein reported we have added 
the factor of gross contamination to the 
experimental procedure described. We hoped 
to determine if infection would alter the in- 
creased rate of healing afforded by the intra- 
medullary wire. 


EXPERIMENTAL PROCEDURE 


Ten mongrel dogs were operated on. In- 
travenous sodium nembutal (25 mgm./kgm.) 
was used for anesthesia. Both forelegs of 
each dog were shaved but the operative pro- 
cedure was carried out without sterile pre- 
cautions. A 2 inch incision was made directly 
over the ulna at the junction of the middle 
and distal thirds, where the bone is subcu- 
taneous. The ulna was exposed and cleaned 
of muscle and tendon attachments without 
stripping the periosteum. A one strand Gigli 
wire saw was passed around the bone and 
used to produce a transverse fracture. <A 
Kirschner wire, of a diameter slightly less 
than the diameter of the medullary canal, 
was inserted into the proximal end of the 
medullary cavity and driven retrogradely 
through the medullary cavity until it pro- 
truded from the olecranon. A small incision 
was then made over the olecranon, and the 
wire pulled through the proximal fragment 
until its distal end was even with the fracture 
site. The fracture was reduced and held in 
place while the wire was driven across the 
fracture site and into the medullary cavity of 
the distal fragment for approximately 1 inch. 
The part protruding from the olecranon was 
then cut off level with the bone. 

To produce contamination, street dirt and 
finely divided autogenous muscle (one 4 c.c. 
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Dog’s ulnae fractured bilaterally at similar 


Fig. 1. 
levels with a Gigli saw. Roentgenograms taken 10 weeks 
after fracture. Union on pinned side (a). Nonunion on the 
unpinned side (b). 


spatula full of each) were introduced into and 
around the fracture site and adjacent tissues. 
The wound was closed with interrupted silk 
skin sutures without drainage. The small 
incision over the olecranon was closed in a 
similar manner but this wound was not con- 
taminated. 

The opposite ulna was operated upon in an 
identical manner, the only exception being 
that no internal fixation was used. The frac- 
ture site was contaminated exactly as de- 
scribed for the nailed fracture. The intra- 
medullary nailing was carried out alternately 
in the right and left forelegs so that 5 dogs 
had wires in the right ulna and 5 had wires in 
the left ulna. Four dogs received penicillin in 
doses of 150,000 units beginning at the day of 
operation and every other day for 5 doses. 

Because of the identical fractures in each 
dog, the only difference between the two sides 
being the presence of the Kirscliner wire, each 
dog served as its own control. Thus differ- 


ences in diet, activity, age, concommitant 
disease, and nutritional state did not have to 
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f b 
Dog’s ulnae fractured bilaterally at junction of 


Fig. 2. 
middle and distal thirds. Wire divided at the fracture 
site (a). Roentgenograms taken 10 weeks after fracture. 


Healing is better on the unnailed side (b). 


be considered when comparing the fracture 
healing on the two sides. 


RESULTS 


General. All the wounds became grossly 
infected and were open and draining purulent 
material by the fifth postoperative day. 
Cultures of the wounds of two dogs showed 
the infecting organisms to be the same bilat- 
erally; viz., on both pinned and unpinned 
sides of the first dog, Bacillus proteus, Staphy- 
lococcus aureus, Bacillus subtilis, Bacillus 
coli; and on both sides of the second dog, 
Bacillus coli, hemolytic Staphylococcus au- 
reus, hemolytic Staphylococcus albus, alpha 
streptococcus, Clostridium welchii. No local 
treatment was given to the wounds. The dogs 
receiving penicillin showed less spreading soft 
tissue infection, fewer palpable axillary lymph 
nodes, and a milder systemic reaction than 
those not receiving antibiotics. In 8 of the 
dogs no significant difference was noted in the 
time required for cessation of drainage and 
spontaneous wound closure on the two sides 
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a b a b 


Fig. 3. Bilateral fracture with contamination. Five Fig. 4. Same dog as Figure 3. Roentgenograms taken 
eks after fracture. Union is progressing more rapidlyand __16 weeks after fracture. Healing on the pinned side (a). 
ne infection is less evident on the pinned side (a). Nonunion on the unpinned side (b). 








a b a b 
lig. 5. Bilateral fractures with contamination. Roent- Fig. 6. Same dog as shown in Figure 5. Roentgeno- 
genograms taken 5 weeks after fracture. Note great grams taken 16 weeks after fracture. Union only on pin- 
amount of bone absorption on the unpinned side (b). ned side (a). 
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a b 


Fig. 7. Bilateral fracture with contamination. Roent- Fig. 9. Bilateral fracture with contamination. Roent- 
genograms taken 3 weeks after operation. Note beginning genograms taken 4 weeks after operation. Note the 
sequestration on unpinned side (b) and abundant periosteal extensive periosteal reaction on the pinned side (a) and 
reaction on pinned side (a). bone absorption on unpinned side (b). 











a b a b 
Fig. 8. Same dog as Figure 7. Roentgenograms 9 weeks Fig. 10. Same dogas Figure 9. Roentgenograms 16 weeks 
after operation. Better healing on pinned side (a). after fracture. More solid union on pinned side (a). 
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a b 
lig. 11. Bilateral fracture with contamination. Roent- 
iograms which were taken 3 weeks after fracture. 


‘te sequestration which has occurred on the pinned 
e (a). 


the mean time for closure being 3 weeks. In 
the remaining 2 dogs, however, it was noted 
that the wounds on the unpinned side re- 
mained open and drained considerably longer 
than the wounds on the pinned side. In the 
latter 2 dogs, closure was complete within 4 
weeks on the pinned side and 7 weeks on the 
unpinned side. 

All 10 dogs walked by the third postopera- 
tive day and did not favor either leg through- 
out the period of observation, which, for the 
6 dogs which survived, is now 9 months for the 
shortest period and 11 for the longest period 
ol time. 

our deaths occurred during this period of 
observation. The cause of death was deter- 
mined in each instance by postmortem exami- 
nation. One dog died of septicemia 2 weeks 
alter operation; this dog did not receive peni- 
cillin. Three deaths were the result of dis- 
temper and occurred at 4, 6, and 10 weeks 
respectively after operation. Two of the 
latter dogs received penicillin postoperatively. 
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a b 


Fig. 12. Same dog as in Figure 11. Roentgenograms 
taken 16 weeks after fracture. Note more solid union on 
unpinned side (b). This case is an exception to the general 
trend of earlier union on the pinned side. 


Postmortem examination of these 4 dogs 
showed more abundant callus formation and 
less bone absorption on the pinned side than 
on the unpinned side. One dog (No. 9) 
showed weak clinical union of the pinned ulna 
and nonunion of the unpinned ulna. The 
other 3 dogs showed no union of the ulna on 
either side. Multiple microscopic sections 
through the ulna at distances from the frac- 
ture site showed that no infection had spread 
up the medullary cavity on either the pinned 
or unpinned sides. 

Roentgenological. The 4 dogs that died 
did not have roentgenographic evidence of 
bony union on either side at the time of 
death, although 1 had weak clinical union on 
the pinned side. In these 4 dogs, however, as 
well as in 4 of the 6 surviving dogs, successive 
roentgenograms showed a definite trend to- 
ward earlier and more abundant callus forma- 
tion on the pinned side and toward earlier 
bony union of the fractures on the pinned 
side (Fig. 3 to 10). 
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Two of the 10 dogs were exceptions to the 
general trend toward better healing on the 
pinned side (Figs. 11 and 12). 

A common finding on the pinned side was 
that of extensive periosteal callus at a dis- 
tance from the fracture site; we believe that 
this must have been due, in part at least, to 
mechanical stress factors contributed by the 
intramedullary pin. There was no evidence 
that the infection had spread up the medullary 
cavity of the ulna on the pinned side. 


DISCUSSION 


In general, infection did not prevent the 
increased rate of healing of the fracture immo- 
bilized by an intramedullary nail. The earlier 
callus formation, the earlier bony union, and 
the less severe infection on the pinned side in 
8 out of the 10 instances were evidences of 
this fact. 

The intramedullary nail, although a foreign 
body, produced no spread of infection along 
the medullary cavity as proved by micro- 
scopic sections and roentgenograms of the 
fractured ulna. The infection was limited to 
the area of the fracture site and to the adja- 
cent tissues. 

There is no doubt but that immobilization 


is better on the pinned side; yet the unpinned 
side has sufficient stability so that healing 
occurs under ordinary circumstances although 
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less rapidly than on the more stable pinned 
side. These conditions may be analogous to 
the problem in humans when intramedullary 
nailing gives more rigid fixation than plaster 
casts or skeletal traction. Although it would 
be dangerous to carry over any conclusion~ 
from these experiments on animals to humans. 
we believe the experiments do demonstrat: 
the importance of rigid immobilization oi 
fractures in the presence of infection and that 
rigid immobilization speeds their healing an< 
aids in overcoming the infection. 


SUMMARY AND CONCLUSIONS 


1. Identical fractures of the dog’s ulna 
were produced bilaterally and were grossly 
contaminated. On one side a Kirschner wire 
was inserted through the medullary cavity 
for rigid fixation; on the opposite side no wire 
was inserted. Ten dogs were operated on and 
were followed clinically and roentgenologically. 

2. In 8 of the 10 dogs studied, healing was 
more rapid and infection was less severe on 
the pinned side. In no instance did the pres- 
ence of the nail cause spread of the infection 
up the medullary canal. 

3. Even in the presence of contamination 
the added degree of fixation afforded by the 
intramedullary nail outweighed its presence 
as a foreign body and its injury to the medul- 
lary cavity. 





CYTOLOGIC PATTERNS IN BENIGN AND MALIGNANT 
GASTRIC AND ESOPHAGEAL LESIONS 


FREDERICK G. PANICO, M.D., Baltimore, Maryland 


HE introduction of the abrasive gas- 
tric balloon procedure’ has created an 
advance in gastric cytology by af- 
fording an increased number of bet- 

r preserved gastric cells. The abrasive bal- 

‘on has been employed in over too different 

itients suffering with undiagnosed gastric 

isorders. The first 45 cases that were studied 
mpletely by surgical resection offer the 
iaterial for this correlation between the cyto- 
sic smear components and the pathologic 
sion entity. The purpose of this presenta- 
on is to describe some of the cytologic pat- 
rns encountered as compared with the path- 
ogic findings in the various cases examined. 

The 45 cases studied are surveyed in Table 

They include 4 patients without a grossly 

‘monstrable esophageal or gastric lesion, 2 

atients with chronic hypertrophic gastritis, 

patients with chronicatrophic gastritis, 12 pa- 
ents with benign gastric ulcers, 2 patients 
‘ith squamous cell carcinoma of the esopha- 
lls, 20 patients with gastric adenocarcinoma, 
nd 3 patients with gastric sarcoma. This 
election of disease categories demonstrates 
some cytologic differences observed. 

The study of gastric smears should not be 
limited to the finding of malignant gastric 
cells alone. The composite picture of all smear 
clements adds to the understanding of the 
condition of the gastric mucosa. Attention is 
focused on the (i) gastric elements, (2) oro- 
pharyngeal and esophageal elements, (3) blood 
clements, (4) nasorespiratory elements, (5) 
hacterial and parasitic elements, (6) foreign 
clements, and (7) unidentifiable elements. 


rom the Department of Surgery, University of Maryland 
School of Medicine, Baltimore, Maryland. Material is utilized 
from the Cytologic Division of the Department of Anatomy, 
Cornell University Medical College, the Department of Surgery, 
New York Hospital, and the Department of Surgery, Memorial 
Hospital, New York. This work has been partially supported 
by the United States Public Health Service and the Common- 
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'Panico, F.G., PAPANICOLAOU, G.N., Cooper, W.A. Abrasive 
balloon for exfoliation of gastric cancer cells. J. Am. M. Ass., 
1950, 143: 1308-1311. 


While the final impression of the gastric smear 
is derived from all seven sources, in many 
instances the esophageal and gastric surface 
epithelial cells may more directly reflect the 
condition of the mucosa. For this reason a se- 
lected variety of pathologic sections is shown 
accompanied by representative esophageal 
and gastric epithelial cells found in corre- 
sponding gastric smears. In order to establish 
some degree of uniformity all pathologic sec- 
tions and cytologic smears were prepared and 
stained by the Papanicolaou technique and all 
photomicrographs were taken at 670 magnifi- 
cation (reduced to X 475 in reproduction). 

Smear types may be classified into three 
different categories: (1) the nonmalignant 
gastric smear containing cellular components 
devoid of atypical or malignant character- 
istics; (2) the nonmalignant atypical gastric 
smear containing atypical cellular components 
devoid of malignant characteristics; (3) the 
malignant gastric smear containing pathogno- 
monic malignant cellular components. 


THE NONMALIGNANT GASTRIC SMEAR 


Nonmalignant cells include the normal ex- 
foliated cells along with the modifications 
caused by their exposure to the gastric en- 
vironment, the collecting, processing, and 
staining procedures. The gastric smear may 
contain such general components as are out- 
lined in Table IT. 

A histologic section of esophagus from a pa- 
tient without esophageal disease is shown 


TABLE I.—DISEASE CATEGORIES STUDIED 
No. of cases 

No grossly demonstrable disease of the esophagus 

or stomach 
Chronic hypertrophic gastritis................... 
Chronic atrophic gastritis. ... prprie 
Benign gastric ulcers.............- I 
Squamous cell carcinoma of the esophagus. .. . 
Gastric adenocarcinoma. 20 
Gastric sarcoma Rava ous ae ne ane 


Total cases 45 
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with accompanying nonmalignant squamous 
surface epithelial cells (Fig. 1) found in gastric 
smear. The squamous epithelial cells may be 
roughly compared to the cervical and vaginal 
squamous epithelial cells. The superficial cell 
types which are found in great numbers are 
large eosinophilic or basophilic cells with a 
rather voluminous cytoplasmic mass con- 
tained within a well outlined irregular cyto- 
plasmic membrane. The regular round or oval 
nucleus with its fine delicate chromatin net- 
work is usually incorporated centrally within 
the cytoplasm. The cellular clusters show dis- 
tinct cytoplasmic outlines without evidence of 
nuclear crowding. The occasional parabasal 
cell type found especially in the oropharynx 
have larger nuclei in relation to the size of the 
cells with the tendency for vacuolization of the 
cytoplasm. Generally, the squamous cells 
show excellent preservation. 

A histologic section of stomach from a pa- 
tient without gastric disease is shown with 
accompanying nonmalignant mucosal surface 
epithelial cells (Fig. 2) found in gastric smear. 
The gastric epithelial cells may be roughly 
compared to the uterine endometrial cells. 
The surface epithelial cell types are small 
cuboidal or columnar basophilic cells with a 
little cytoplasm contained within a poorly de- 
lineated cytoplasmic membrane. The small 
well outlined round or oval nucleus has a fine 
chromatin network. Cellular clusters show a 
uniform regularity of the individual cells with- 
out evidence of nuclear crowding. Many free 
or stripped naked nuclear remnants devoid of 
their cytoplasmic structure are found because 
of the rapid plasmolysis attributable to the 
gastric mucosal cell. The mucous secretory 
cell type may be seen occasionally with uni- 
polar vacuolization sometimes associated with 
a slight constricting nuclear indentation. No 
significance is attached to the amount of 
mucus seen in smears because of its variable 
occurrence. 


THE ATYPICAL NONMALIGNANT GASTRIC 
SMEAR 


Atypical alterations of the nonmalignant 
cells result from changes occurring in the 
nucleus and cytoplasm because of degenera- 
tion or inflammation. These changes appear 
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TABLE II.—GENERAL COMPONENTS OF A 
GASTRIC SMEAR 


Gastric elements—derived from the secretions and the 
exfoliation of gastric cells collecting within the gastric 
lumen 

Gastric mucosal cells: (1) surface epithelial type, 
rarely found in well preserved cell clusters; (2) free 
or stripped naked nuclear remnants, often very 
numerous because of the plasmolysis resulting from 
the action of the gastric proteolytic ferments; 
(3) mucous secretory or signet ring cell type, rare 
because of the disintegration of the mucus contai) 
ing vacuole 

Mucus, variable amounts 

Oro pharyngeal and eso phageal elements—derived from the 
exfoliating squamous cells of the oropharynx and esophagus 
reaching the stomach by the mechanism of swallowing 

Squamous mucosal cells: (1) superficial type, fre- 
quently found in well preserved clusters; (2) para- 
basal type, rare 

Squamous cell nests or pearls, rare 

Blood elements—derived from the cells of the vascular 
system by the mechanism of leucopedesis and hemorrhage 

Polymorphonuclear leucocytes, variable number de- 
pending on such factors as acute and chronic in- 
flammation and the foreign body response 

Lymphocytic leucocytes, variable number depending 
on such factors as chronic inflammatory or lympho- 
matous reactions 

Monocytes, variable number occasionally seen in cer- 
tain inflammatory conditions 

Macrophages or histiocytes, variable number more 
frequently seen in certain inflammatory conditions 

Erythrocytes, absent except in active hemorrhage 

Plasma cells, variable number more frequent in chronic 
inflammatory conditions 


Nasores piratory elements—derived from the secretions 
and the exfoliation of nasorespiratory cells reaching the 
stomach by the swallowing of postnasal and coughed 
bronchial discharge 

Mucoid columnar or cuboidal cells of nasal or bronch- 
ial origin with occasional goblet cells of bronchial 
origin 

Ciliated cells of nasal or bronchial origin 

Pulmonary or bronchial histiocytes with pigment 
(“dust cells’) or without pigment 


Bacterial and parasitic elements—derived from the oro- 
pharnyx, esophagus, stomach, nasorespiratory tract and 
contaminants accumulating before fixation 

Bacteria, various types chiefly cocci more numerous 
in specimens not fixed immediately 

Fungi, various types chiefly monilia in the form of 
spores or mycelia more numerous in specimens not 
fixed immediately 

Parasites, occasional Giardia lamblia 


Foreign elements—derived from ingested nutrient or inert 
material. Undigested food cells, variable occurrence 


Unidentifiable elements—remaining elements difficult for 
accurate interpretation 
Degenerated or necrotic cells 
Retention debris 
Crystals 
Interstitial cells 
Fibrotic cells 
Duodenal cells, present by duodenal reflux but their 
identity is not certain 
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sASTRIC AND ESOPHAGEAL 


LESIONS 


Fig. 1. Histologic section of esophagus and corresponding nonmalignant squa- 
is surface epithelial cells derived from a patient without esophageal disease. 


‘oo 


Fig. 2. 
mucosal surface epithelial cells derived from a patient without gastric disease. 
X475- 


to affect the gastric mucosal cell more than 
the esophageal squamous cell. The degenera- 
tive changes may occur with cellular aging, 
biochemical digestion, nutritional deficiency, 
and unphysiologic conditions influenced by 
such factors as hyperacidity, retention, hor- 


Histologic section of stomach and corresponding nonmalignant gastric 


monal imbalance, vitamin deficiency, and 
anemia. The nucleus may be slightly enlarged 
and hyperchromatic. There may be pyknosis, 
karyorrhexis, or karyolysis. The cytoplasm 
may contain vacuolar inclusions and the 
cytoplasmic membrane may be distorted, 















fragmented, or disintegrated. The cellular 
clusters may show slight anisocytosis and ani- 
sonucleosis with some coalescence of the cyto- 
plasmic boundaries. Debris may oftentimes 
be significant of the degeneration seen in gas- 
tric smear. 

The inflammatory changes may occur with 
leucocytic infiltration, cellular necrosis, and 
ulcerative erosion influenced by such factors 
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Fig. 3. Pathologic section and corresponding atypical gastric mucosal surface 
epithelial cells derived from a patient with chronic hypertrophic gastritis. 475. 





Fig. 4. Pathologic section and corresponding atypical gastric mucosal surface 
epithelial cells derived from a patient with chronic atrophic gastritis. 475. 





as gastritis, ulceration, phagocytosis, and fi- 
brosis. The nucleus may be slightly enlarged 
and hyperchromatic with a prominent nuclear 
membrane. The nucleolus and accessory chro- 
matin material may be more prominent. The 
cytoplasm may contain leucocytic inclusions. 
The cellular clusters may present slight aniso- 
cytosis and anisonucleosis. Polymorphonucle- 
ar and lymphocytic leucocytes may be pres- 









ent in varying numbers as part of the inflam- 
matory reaction seen in the gastric smear. The 
reparative processes associated with healing 
gastric ulcers or postoperative stomachs may 
often yield atypical and bizarre cells which 
show changes easily misinterpreted as sug- 
gestive of malignancy. In such reparative 
processes, the active histiocytes performing 
their phagocytic function complicate the 
cytologic picture by affording cells quite diffi- 
cult for evaluation. 

A pathologic section from a patient with 
chronic hypertrophic gastritis is shown with 
accompanying atypical gastric epithelial cells 
(lig. 3) found in gastric smear. In section the 
gastric mucosa shows hypertrophic changes. 
The secretory activity of the surface mucosal 
cells causes only occasional constricting nu- 
clear indentation. Many lymphocytes and 
plasma cells are found in the interstitium and 
some lymphocytes are seen migrating through 
the surface epithelial cells of the mucosa. In 
the corresponding smears there is an increased 
amount of mucus with many lymphocytes and 
gastric cell clusters. The clusters of mucosal 
cells are interspersed with extracellular infil- 
trating lymphocytes. The individual gastric 
cells correspond to the normal superficial cells 
of the gastric mucosa retaining fair cytoplas- 








Fig. 5. Pathologic section and corresponding a typical gastric mucosal surface 
epithelial cells derived from a patient with benign chronic gastric ulceration. X 475. 
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mic boundaries with the nuclear structures 
appearing regular in definition. There is min- 
imal enlargement or hyperchromasia of the 
nuclei. Vacuolated mucosal cells are rarely en- 
countered in smear. The extracellular lympho- 
cytic cells scattered through the epithelial cells 
offer an important differentiation from the 
cluster of normal mucosal cells. 

A pathologic section from a patient with 
chronic atrophic gastritis is shown with ac- 
companying atypical gastric epithelial cells 
(Fig. 4) found in gastric smear. In section the 
gastric mucosa shows atrophic changes. A 
few of the surface cells show their nuclei to be 
compressed by cytoplasmic vacuolization. 
There are some lymphocytes and plasma cells 
found in the interstitium. In the correspond- 
ing smears there are a moderate number of 
polymorphonuclear leucocytes, occasional 
lymphocytes, and a few atypical gastric cells. 
Extracellular lymphocytes are encountered 
rarely. While some of the nuclei of the muco- 
sal cells are little affected by the cytoplasmic 
vacuolar inclusions, a few nuclei are pressed to 
one side resulting in the crescent-shaped and 
hyperchromatic nuclei of signet-ring cells. 
The signet-ring cell appears prominent es- 
pecially in view of the scarcity of other epi- 
thelial cells. 

















Fig. 6. Pathologic section and corresponding malignant 
esophageal squamous surface epithelial cells derived from a 
patient with esophageal squamous cell carcanoma. X 475. 


A pathologic section from a patient with a 
benign chronic gastric ulcer is shown with ac- 
companying atypical gastric epithelial cells 
(Fig. 5) found in gastric smear. In section 
there are atypical epithelial cells bordering the 
ulceration and its granulomatous base. An 
inflammatory reaction is seen deep to the 
atypical mucosal cells. In the corresponding 
smears there are a variable number of poly- 
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morphonuclear and lymphocytic leucocytes 
and a few atypical mucosal cells. The atypi- 
cal cells display nuclear enlargement with an 
accentuation of the chromatin material and 
nucleolar bodies. Nuclear hyperchromasia is 
rather minimal. Interstitial and fibrotic cells 
are difficult to identify. The unusual degree of 
dyskaryosis of the epithelial cells offers specu- 
lative value. 

The nature of the various atypical changes 
found in the gastric epithelial cells is not yet 
clearly understood. The smear findings in 
many cases overlap. While there is no definite 
relationship established between atypical and 
malignant transgressions, certain of the alter- 
ations observed in some of the atypical gastric 
epithelial cells suggest the beginning criteria 
of malignancy. 


THE MALIGNANT GASTRIC SMEAR 


All of the cells seen in a malignant gastric 
smear are not necessarily malignant. Non- 
malignant and atypical cells may also be pres- 
ent. Because malignant cells may be more 
readily exfoliated by the abrasive balloon, an 
increased number of abnormal cell clusters 
becomes significant. The malignant cells may 
exhibit enlarged, hyperchromatic nuclei with 
prominent nucleoli and accessory chromatin 
material. There may be a degree of nuclear 
or cytoplasmic distortion resulting in ‘‘tad- 
poling.” Other bizarre cellular forms may 
result from cytoplasmic vacuolization, leuco- 
cytic or pyknotic cellular inclusions, multi- 
nucleation, cellular ballooning, or orangeo- 
philia. Cellular clusters may show crowding 
with loss of polarity, anisocytosis, anisonu- 
cleosis, and loss of cytoplasmic boundaries. 
Adenocarcinoma can be recognized by these 
criteria associated with the surface epithelial 
cell. When the adenocarcinoma cells clearly 
present these criteria, they allow for a rather 
high degree of diagnostic accuracy. 

Alterations of the gastric mucosa due to the 
malignant process may be reflected by the 
prevalence of certain gastric components not 
ordinarily found in an average nonmalignant 
gastric smear. Polymorphonuclear and lymph- 
ocytic leucocytes may be coincident with 
acute and chronic gastritis, the signet-ring 
cell with chronic atrophic gastritis, abnormal 
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Fig. 7. Pathologic section and corresponding malignant gastric mucosal surface 
epithelial cells derived from a patient with early superficial gastric adenocarci- 


noma. X475. 





Fig. 8. Pathologic section and corresponding malignant gastric mucosal surface 
epithelial cells derived from a patient with polypoid gastric adenocarcinoma. X 475. 


lymphocytes with lymphosarcoma, histiocytes 
or macrophages with the phagocytosis of leu- 
cocytes and degenerating malignant cells, 
plasma cells with obscure chronic inflamma- 
tions, erythrocytes with ulcerative bleeding, 
undigested food cells with gastric retention, 
and bizarre cells with eroding deep seated 


lesions. Some ulcerating intramural lesions 
may not produce any recognizable malignant 
cells. In such instances environmental changes 
may affect the structural characteristics of ad- 
jacent surface epithelial cells enough to cause 
atypical cellular transformations. In these 
many ways the malignancy may be detected 
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Pathologic section and corresponding malignant gastric mucosal surface 


epithelial cells derived from a patient with ulcerating gastric adenocarcinoma. X 475. 
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Fig. 10. 


derived from a patient with reticulum cell sarcoma. 
X 475: 


is shown for size comparison. 


indirectly by the gastric smear picture. The 
abrasive balloon, by affording a better repre- 
sentation of well preserved gastric smear com- 
ponents, is proving to be a valuable instrument 
in the diagnosis of questionable lesions of the 
stomach and esophagus. 

A pathologic section from a patient with 
esophageal squamous cell carcinoma is shown 


a” 





ae 
“\ 9s. e: 


ine a 
ee 


e 


oe, 


. 


e* 


Pathologic section and rare corresponding malignant cell 


An erythrocyte 


with accompanying malignant squamous epi- 
thelial cells (Fig. 6) found in gastric smear. In 
section the lesion shows malignant changes of 
the surface cells extending well into the eso- 
phageal muscularis. Orangeophilic stained 
cells are seen along the surface of the lesion. 
Cellular bizarreness and nuclear hyperchro- 
masia increase with the depth of the lesion. 


























PANICO: 


CYTOLOGIC PATTERNS IN GASTRIC AND ESOPHAGEAL LESIONS 


741 





Fig. 11. 
with gastric reticulum cell sarcoma (Fig. 10) and the corresponding atypical gastric 
mucosal surface epithelial cells derived from the patient with reticulum cell sar- 


coma. X475. 
lhe individual cells vary greatly as to their 
cytoplasmic volume and nuclear size. The 
stroma shows some lymphocytic infiltration. 
In the corresponding smears there are many 
polymorphonuclear leucocytes, lymphocytes, 
and single malignant cells. The individual 
malignant cells show an abnormally enlarged 
round or oval nucleus with a large prominent 
nucleolus and accessory chromatin material. 
There is little hyperchromasia of the cells. 
Some cells are distorted because of cytoplas- 
mic stringing. There are many orangeophilic 
cells, bizarre cells with malignant cell inclu- 
sions, and binucleated cells. The malignant 
cell clusters show some anisocytosis and aniso- 
nucleosis. The large size of the orangeophilic 
cells and bizarre malignant cells offer little con- 
fusion with respect to their squamous origin. 
A pathologic section from a patient with 
early superficial gastric adenocarcinoma is 
shown accompanied by malignant gastric epi- 
thelial cells (Fig. 7) found in gastric smear. 
In section the malignant changes are restricted 
to the surface mucosa and submucosa without 
any apparent muscular penetration. The nu- 
clei of the epithelial cells show hyperchro- 
masia with crowding and anisonucleosis. In 
the corresponding smears there are many 





Pathologic section from adjacent mucosal tissue in the same patient 


lymphocytes, polymorphonuclear leucocytes, 
and many single malignant cells. The malig- 
nant cells have enlarged hyperchromatic nu- 
clei. The hyperchromasia may often conceal 
the nuclear detail. The malignant cell clusters 
show crowding of the irregularly shaped hy- 
perchromatic nuclei. The single malignant 
cells with their enlarged hyperchromatic nu- 
clei and lack of cellular bizarreness are pathog- 
nomonic in their conformity to the criteria 
of malignancy, suggesting that lesions do not 
have to be far advanced to be diagnosed cyto- 
logically. 

A pathologic section from a patient with 
polypoid gastric adenocarcinoma is shown 
with accompanying malignant gastric epi- 
thelial cells (Fig. 8) found in gastric smear. In 
section there is a polypoid growth with in- 
creased vascularity. There are numerous 
polymorphonuclear leucocytes infiltrating the 
stroma. Occasionally the leucocytes are in- 
tracellular. In the corresponding smears there 
are many polymorphonuclear leucocytes and 
malignant cell clusters. The malignant cells 
do not present the extent of hyperchromasia 
and degeneration shown in the other cases of 
adenocarcinoma. The cytoplasm and nuclear 
membranes are well defined. The enlarged 
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nuclei contain prominent nucleoli. Occasional 
bizarre cell forms are seen containing intra- 
cellular leucocytic inclusions. The cytoplas- 
mic inclusions and the sharp definition of the 
cells are interesting features of this exfoliative 
lesion. 

A pathologic section from a patient with 
ulcerating gastric adenocarcinoma is shown 
with accompanying malignant gastric epi- 
thelial cells (ig. 9) found in gastric smear. In 
section there is an ulcerative erosion that al- 
lows for the exfoliation of superficial necrotic 
and deeper bizarre malignant cells. In the 
corresponding smears there are many poly- 
morphonuclear leucocytes, lymphocytes, and 
malignant single cells and cell clusters. Some 
of the malignant cells show considerable bi- 
zarreness containing hyperchromatic cellular 
inclusions and necrotic remnants within the 
cytoplasm. The cellular inclusions suggest a 
phagocytosing reaction to the necrotic lesion. 

A pathologic section from a patient with 
gastric reticulum cell sarcoma is shown with 
an accompanying malignant cell and erythro- 
cyte (Fig. ro) found in gastric smear. In this 
section there is an intramural reticulum cell 
growth eroding through the mucosa into the 
gastric lumen. The reticulum cells are numer- 
ous and well defined with irregular enlarged 
hyperchromatic nuclei containing prominent 
nucleoli and accessory chromatin material. 
There is an increasing amount of cellular 
bizarreness seen in the deeper portions of 
the tumor. In the corresponding gastric 
smears a rare reticulum sarcoma cell is identi- 
fied. However, there are many other atypical 
gastric epithelial cells encountered. A patho- 
logic section from the gastric mucosa adjacent 
to the same eroding reticulum cell sarcoma is 
shown with the atypical gastric epithelial cells 
(Fig. 11) found in gastric smear. In section 
the adjacent mucosa shows atypical epithelial 


cell changes. The surface cells have enlarged 
elongated nuclei and show slight hyperchro- 
masia and crowding. The intramural growth 
is present deep to this atypical mucosal layer. 
In the corresponding smears already men- 
tioned there are many polymorphonuclear 
leucocytes, lymphocytes, and atypical cell 
clusters. The single atypical cells have irregu- 
lar cytoplasmic borders with enlarged elon- 
gated hyperchromatic nuclei. The clusters of 
cells show a coalescence of the cytoplasm with 
a loss of cellular boundaries. Appearing to re- 
semble giant cells, these multinucleated struc- 
tures with enlarged elongated hyperchromatic 
nuclei are an important finding in this case. 
The cytology of the atypical surface epithelial 
cells found adjacent to an ulcerating intra- 
mural reticulum cell sarcoma reflects an ab- 
normality of the gastric mucosa. In this way 
the gastric surface epithelial cell tends to offer 
an indirect indication of gastric malignancy. 
Cells obtained from the stomach and esoph- 
agus by the abrasive balloon may contain 
cytologic information suggestive of an under- 
lying pathologic condition. Not enough is yet 
known about gastric cytology to diagnose the 
exact type of benign or malignant lesion on the 
basis of the smear findings. However, the 
epithelial cell may potentially reflect certain 
pathologic conditions involving the esopha- 
geal and gastric mucosa. An understanding 
of the surface epithelial cells and their environ- 
mental elements will unfold with the study of 
collected cases. In this way the gastric smear 
may become increasingly helpful in the early 
evaluation of gastric disease. Additional cases 
are presently being compiled in an expanding 
test series to estimate the accuracy and feasi- 
bility of the abrasive balloon method as a 
routine adjunct to gastric cancer detection. 
Results are rather gratifying and justify the 
expectations already reported. 


























THE EFFECTS OF KNOWN COMPRESSION 


FORCES ON 


FRACTURE HEALING 


Z. B. FRIEDENBERG, M.D., and GEORGE FRENCH, M.D., Philadelphia, Pennsylvania 


HIS work was projected in an effort 

to learn how the healing of a fracture 

is influenced by varying the amount 

of compression to which the fracture 
is subjected. 

Knowledge of the effects of mechanical 
forces on bone repair and bone formation 
sives the surgeon additional insight in the 
treatment of bone injuries. This field was 
widely explored in the latter half of the nine- 
eenth century and the relationship of com- 
yression and tension forces to the site, num- 
ver, and orientation of bone trabeculae was 
i1oted and finally expressed as Wolff’s law. 
[his concept has been challenged in certain of 
ts details but a general relationship between 
yressure stresses and the outer form and inner 
rabecular pattern of bone is at the present 
‘ime widely accepted. 

More recently investigations have been 
conducted to demonstrate the healing re- 
sponse of fractured surfaces following the ap- 
plication of mechanical forces. Distraction of 
« fracture is thought to predispose to delayed 
union and nonunion while compression is 
thought to accelerate healing. Charnley, 
using a method for obtaining knee fusion by 
compressing the bone surfaces, described ear- 
lier by Key, obtained rapid fusion and reduced 
the total period of disability to 3 months. 
I'ggers and his associates in 1949 fashioned a 
bone flap in the skull of rats bringing a portion 
of this flap into contact with bone of the skull 
with a compression force. It was noted that 
contact-compression favorably influenced un- 
ion. Excessive pressure caused necrosis and 
areas not subjected to contact-compression 
failed to unite. The contact-compression fac- 
tor was thought to stimulate osteogenesis. 
The compressing force was not measured but 
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these workers believed that the most advan- 
tageous force coincided with the physiologic 
forces exerted by the musculature of the part 
involved. 

If a compressing force does assist in fracture 
healing, it may do so by virtue of enhanced 
immobility of the fragments; or the beneficial 
effect may result from more intimate approxi- 
mation and impaction of the fragments or a 
combination of both rigid immobility and 
close contact; lastly, there is the possibility 
that pressure may in itself stimulate osteo- 
genesis at the fracture site. 

The animal experiments reported here 
sought to determine if an optimum pressure 
range existed which would allow a fracture to 
heal more rapidly than when subjected to 
pressures in a higher or lower range. Could a 
curve be constructed, the co-ordinates being 
the rate of healing against known forces com- 
pressing the fracture site? It would be of 
value to compare the healing of fractures 
under pressures which give complete immo- 
bility and approximation with fracture healing 
at pressures above and below the amount 
necessary for such fixation and contact. No 
attempt was made to determine the precise 
amount of physiologic compression resulting 
from muscle tone at the particular fracture we 
made. However, results from compression in 
the grossly estimated physiologic range were 
compared with results from compression in 
the higher ranges. 


METHOD 


Compression was exerted by means of cali- 
brated springs applied across a fracture cre- 
ated between the proximal and middle portion 
of the ulnae of dogs. The distal third of the 
ulna was resected and it was necessary to re- 
move the interosseous membrane to the mid- 
dle fragment so that pressure could be applied 
effectively. Care was taken to disturb as 
little as possible all soft tissue attachments to 











Fig. 1. Fig. 2. 

Fig. 1. Method of applying compression across a 
fracture created in the ulna of dogs. 

Fig. 2. Bone union has occurred with little periosteal 

response 5 weeks subsequent to the application of a 


bone. A threaded stainless steel wire was 
inserted through the olecranon and down the 
medulla of the ulna. This wire crossed the 
fracture line at the junction of the upper and 
middle thirds of the ulna and was sent on com- 
pletely through the middle third of the ulna 
and then through the calibrated spring. The 
wire was fixed with a nut at the olecranon and 
a second nut was used to tighten the spring 
which forced the middle fragment against the 
proximal. When the fracture ends were ap- 
proximated without pressure, the spring was 
measured with calipers. Further compression 
of the spring as desired was accomplished and 
the spring length again measured. The differ- 
ence between the two measurements repre- 
sented spring compression acting to force the 
loosened middle fragment of the ulna against 
the proximal. The springs delivered a force 
of 6 pounds for each '/32 inch of shortening. 
Four to 5 weeks after surgery roentgeno- 
grams were made and the fracture site was 
again exposed. The development of callus 
and the presence or absence of mobility was 
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Fig. 3. 
compression force of 18 pounds across the fracture. 
Fig. 3. Four weeks after the application of 33 pounds 
across the fracture. Union was not present in spite of 
good impaction. 


noted. The spring was again measured to note 
what loss of pressure had occurred and the 
fracture area was excised and microscopic 
sections made. 

The initial pressure created across the frac- 
ture does not remain constant throughout the 
experiment. There is a known loss measured 
by noting the tendency of the spring to return 
to its original length and representing bone 
absorption, most of which occurred adjacent 
to the spring. There is also an unknown loss 
due to ingrowth of fibrous tissue into the 
spring and to fixation of the bone fragments 
by scar tissue. 

Twenty-seven such experiments were com- 
pleted. The dogs were fully grown large dogs 
(17 to 25 kilograms) and tolerated the pro- 
cedure well. Usually they began to bear some 
weight on the extremity operated upon by the 
fourth week but as the distal third of the ulna 
had been resected and the interosseous mem- 
brane to the middle fragment severed, little 
or no weight bearing stress occurred across the 
fracture. 
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Fig. 4. Thirty pounds of pressure resulting in non- 
union; necrosis of cortex and absence of soft tissue in the 
fracture gap. 


To permit comparison, the experiments 
were divided into four groups according to the 
amount of compression originally placed across 
the fracture. Pressures between 30 and 36 
pounds were regarded as high; those between 
12 and 18 pounds as a middle group; those 
between 5 and 9g as a low pressure group and 
those without any pressure but simply an 
intramedullary wire across the fracture were 
controls. 

RESULTS 

The fractures were examined at 4 or 5 weeks 
after surgery. The wires were removed after 
the amount of lost measurable pressure was 
determined and the entire fracture area gen- 
erously excised. Any residual mobility was 
classified as a failure of union. The amount 
of callus and disposition of the callus were 
noted. 

In the high compression group only 1 case of 
union resulted in 5 experiments, this occurring 
in an animal that sustained a 15 pound loss of 
pressure (30 to 15 pounds) due to marked 


.Fig. 5. An extensive inner core of medullary new bone 
at the fracture site which had been subjected to 12 pounds 
of pressure. 


bone absorption adjacent to the spring. The 
average measured pressure lost in this group 
was 10 pounds. Inspection of the fractures in 
this group in most instances revealed scant 
soft tissue growth between the surfaces and 
reduced periosteal proliferation of tissue ad- 
jacent to the fracture. 

Four cases of union occurred in 6 experi- 
ments in the intermediate group. Three of the 
4 animals observed at 5 weeks had union and 
half of those observed at 4 weeks showed 
union. An average measured pressure of 6 
pounds was lost. 

In the low pressure group, 2 of 10 experi- 
ments went to bone union. No measurable 
pressure loss could be ascertained and the 
position of the fragments was well main- 
tained. Soft tissue proliferation about the frac- 
ture was abundant in contrast to the spar- 
sity of such growth in the high pressure group. 

In 6 control experiments, only 1 animal de- 
veloped bone union (5 weeks). The align- 
ment in this group was adequate but not as 








Fig. 6. Well developed medullary new bone in a frac- 
ture subjected to 6 pounds of pressure. 


satisfactory as that observed in the other 
groups because of the slight transposition 
movements allowed the fragments on the 
medullary wire. 

Microscopic sections in the high pressure 
group bore out the grossly observed findings 
and showed little cellular reaction in the frac- 
ture gap in most instances. The cortical bone 
occasionally showed degenerative changes 
with osteoclasis at the fracture. Both perios- 
teal and endosteal new bone formation were 
observed at a distance from the fracture with 
the periosteal collar more predominant. This 
is in contrast to the findings in the interme- 
diate pressure group which showed medullary 
new bone fully as abundant as the new bone 
on the exterior of the cortex. The endosteal 
new bone formation condensed along the 
inner surface of the cortex forming an inner 
core of new bone oriented along the medullary 
canal toward the fracture. The intermediate 
group also showed profuse fibrous and carti- 
lage formation, the cartilage being localized to 
areas in and around the fracture gap. 
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Microscopic study of the fractures in the 
low pressure group did not differ qualitatively 
from the observed findings in the middle 
group. In most cases, the state of develop- 
ment of new bone was not as far advanced as 
that in the middle pressure group. Similarly, 
in the control fractures, active periosteal and 
endosteal bone formation was noted with 
islands of hyaline and fibrocartilage centered 
about the fracture gap. 

The microscopic sections in all groups close- 
ly followed the observations of Urist and 
Johnson in their studies of fracture healing 
in long bones. The stage of the healing process 
varied in the different pressure groups. In the 
low and middle pressure group, we found very 
substantial endosteal new bone formation. 
The fractured cortical surfaces seemed to 
contribute cellular growth only late in the 
healing process. Aside from a retardation of 
the cellular activity adjacent to the fractured 
area and late necrosis of the cortical ends in 
the high pressure group, we could not detect 
microscopically any specific alteration in the 
process of fracture healing induced by pres- 
sure as we applied it. However, the rate of 
the process seemed to be influenced by 
compression. 

Roentgenograms showed close approxima- 
tion of the bone segments in most of the ani- 
mals subjected to pressure. A more prominent 
fracture gap was seen between the fractured 
bone in control dogs not subject to pressure. 


DISCUSSION 


Pressure across any fracture surface, wheth- 
er in tubular or flat bones, is primarily borne 
by the cortex, whether this be well developed 
as in the long bones or less well developed as 
in the flat bones or the cancellous extremities 
of long bones. Bone of a resistant nature is 
necessary in order to exert compression. Any 
specific reaction to compression should be 
sought in this more resistant bone. In this 
study, apart from the necrosis of the cortical 
ends and the reduced cellular activity adjacent 
to the fracture gap which ensued under high 
compression, no histological deviation was 
noted in bone healing which could be attrib- 
uted to pressure. No attempt was made to 
determine whether mechanical forces applied 
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Fig. 7. 


Newly deposited bone between the fractured 
cortices subjected to a compression force of 12 pounds. 
The cortices show no activity. 


to a fracture affected the local pu, phospha- 
tase, calcium, phosphorous, or the other bio- 
chemical responses incident to a fracture. 

Our present histologic concept of fracture 
healing in long bones as determined by Urist 
and Johnson places the emphasis of the heal- 
ing effort on the periosteal response, while the 
cortices adjacent to the fracture line necrose 
and lose their cellular structure. The endos- 
teum shows a more limited necrosis. The 
outer collar of new bone unites the fragments 
before the cortex is fully revascularized. Pres- 
sure then would seem to act primarily on that 
component of the fracture which plays a lesser 
role in the cellular sequence of healing. 

In the middle and low pressure groups, 
more rapid healing was encountered than in 
the controls. It is possible that this resulted 
from rigid fixation and close bone contact. 
The distance to be bridged by newly growing 
connective tissue and bone is held to a mini- 
mum, while injury to the newly formed tissue 
due to movement is reduced by the firm fixa- 


Fig. 8. Well developed new bone is shown at the frac- 
ture site in an animal which was subjected to 18 pounds 
of pressure. 


tion and impaction of fragments under com- 
pression. It has been shown that fractures 
that are firmly held in anatomic position heal 
with little evidence of external callus. Our 
observations and roentgenograms of these 
experimental fractures held under compression 
also showed less external callus and a remark- 
able degree of endosteal new bone formation. 
Such internal callus did not seem distributed 
in relation to the intramedullary wire. 

The ordinary treated fracture in a long 
bone is under a compression force exerted by 
tonus in the muscle groups surrounding the 
fracture. In this study union was accelerated 
by increasing the pressure from 6 pounds to a 
range between 12 and 18 pounds. We did not 
attempt to determine what physiologic pres- 
sure would be exerted by muscle tone across 
a fracture in this area of the ulna in our ani- 
mals but believe it would be inferior to the 
rigid bone impaction that we observed at the 
time of surgery even in the low pressure 
group. Raising the compression force to levels 
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TABLE I.—SUMMARY OF EXPERIMENTAL DATA 
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far above what the muscles were capable 
seemed to accelerate healing until a point was 
reached where cellular response lagged. We 


believe a curve for bone union plotted against 
pressure could be constructed and that the 
summit of the curve would occur well above 
physiologic pressures. 


CONCLUSIONS 


t. Experimental fractures of the ulna in 
dogs in which a compressing force of 12 to 18 
pounds was applied across the fracture showed 
more rapid union than those with greater or 
lesser pressures. 

2. Pressures of 30 pounds or higher caused 
necrosis of the cortex and poor healing. 

3. The optimum compressing force is prob- 
ably above that which normally results from 
muscle tone. 

4. Enhanced healing under pressure is be- 
lieved to be related to more secure fixation 
and impaction of the fracture. Whether or not 
pressure induces a specific osteogenetic re- 
sponse in healing bone tissue cannot be 
answered. 
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STUDY OF THE ETIOLOGY OF ACUTE PANCREATITIS 


MICHAEL RADAKOVICH, M.D., HERMAN E. PEARSE, M.D., F.A.C.S., and 
WILLIAM H. STRAIN, Ph.D., Rochester, New York 


LTHOUGH the clinical and gross path- 
ological picture of acute pancreatitis 
is well recognized by surgeons, the 
etiology of this disease is poorly 

understood. Of the many theories evolved 
from clinical and experimental studies, one 
(g) suggests that duct obstruction in an ac- 
tively secreting pancreatic gland may result 
in acute pancreatitis. To test this hypothesis 
studies were carried out on dogs by stimu- 
lating the pancreas with pancreozymin, a 
known physiological stimulant, after com- 
plete ligation and division of the pancreatic 
ducts. Another theory (10) indicates that 
temporary compromise of the arterial blood 
supply to the gland in addition to duct ob- 
struction may produce changes simulating 
pancreatic necrosis. An indirect evaluation 
of this theory was made by introducing an 
oily emulsion into the arterial blood of the 
pancreas after ligation and division of the 
ducts. The studies included fluctuations in 
the serum amylase and lipase levels in addi- 
tion to gross and microscopic changes in the 
pancreas. 
EXPERIMENTAL 

The determinations of serum amylase and 
lipase were begun 20 minutes after collection 
of the blood by jugular venipuncture. The 
serum amylase levels were obtained by incu- 
hating 1 milliliter of the serum with starch 
paste and determining the glucose by the cop- 
per reduction method and titration with 
standard sodium thiosulfate. The serum 
lipase levels were measured by using the 
Johnson and Comfort modifications of the 
original method of Cherry and Crandall. An 
olive oil substrate was used with tergitol 7® 
added as an emulsifier. The end results were 
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expressed in units representing the number of 
milliliters of N/20 sodium hydroxide required 
for the neutralization of the fatty acid liber- 
ated by 1 milliliter of the serum. 

The pancreozymin was prepared from hog 
intestine by the method described by Harper 
and Raper (6). Instead of scraping the first 
5 feet of small intestine to remove the duo- 
denal mucosa, the entire segment—the proxi- 
mal 5 feet of small intestine—was placed in 
solid carbon dioxide at the slaughter house, 
ground in the frozen state, and added to 
alcohol. The alcohol extract was worked up 
as described by Harper and Raper. The yield 
of pancreozymin was 50 milligrams of “‘alco- 
hol-sqluble” material per 100 grams of tissue 
or about one-third that of the original in- 
vestigators. Assay of the product, by inject- 
ing it with secretin intravenously into dogs 
anesthetized with sodium pentobarbiturate 
and collecting the pancreatic juice through a 
plastic cannula, showed a twofold increase of 
the pancreatic juice amylase during a 10 min- 
ute collection period. This value was ob- 
tained when the pancreozymin was given at 
the dosage of 2 milligrams per kilogram of 
body weight. In contrast, Harper and Raper 
reported a threefold increase for 1 milligram 
per kilogram of body weight. 

Young, healthy, mongrel dogs were used in 
the studies. Serum amylase and lipase levels 
were determined 24 hours prior to surgery . 
Using intravenous sodium pentobarbiturate 
anesthesia and sterile technique, the abdo- 
men was opened through an upper right rec- 
tus muscle-splitting incision. By careful dis- 
section the pancreas was partially separated 
from the duodenum to insure location of all 
of the ducts. The usual number and location 
of the ducts are shown in Figure 1. Each 
duct was isolated, divided between stitch ties 
of fine silk; the proximal stump was inverted 
into the duodenum, and the distal stump into 
the gland. The incision was closed in layers 








Fig. 1. 
of the pancreatic ducts in the dog. 


Drawing showing the usual number and location 


with interrupted silk sutures. On the first 
postoperative day the animal was allowed to 
eat, and blood was withdrawn for chemistries. 
The latter procedure was repeated every other 
day. On the third postoperative day the dogs 
were re-explored for evidence of pancreatitis. 
After 14 days, all of the dogs were sacrificed 
and postmortem studies were carried out. 

To evaluate the theory that ductal obstruc- 
tion in an actively secreting gland will result 
in acute pancreatitis, two series of dogs were 
operated upon. In the first group of 5 ani- 
mals the ducts were ligated and the animals 
were allowed to eat on the first postoperative 
day. It was assumed that changes in the 
serum enzyme levels were the result of the 
stimulation of the pancreas by food. In the 
second group of 5 animals the ducts were 
similarly ligated, but at the termination of 
the operative procedure the gland was stimu- 
lated by the intravenous injection of secretin 
and pancreozymin. The dosage of pancre- 
ozymin was 2 milligrams per kilogram of 
body weight. On the first and second post- 
operative days the same dosage of the “‘alco- 
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hol-soluble” preparation was given 3 times in 
24 hours, and on the third and fourth days 
2 times in 24 hours. 

Temporary compromise of the arterial 
blood supply to the pancreas was obtained 
by gently exposing the superior pancreatico- 
duodenal artery just before it enters the pan- 
creas, and by injecting 4 milliliters of an oily 
radiopaque emulsion (particle size 3 to 5 mi- 
crons) through a fine needle. Roentgenograms 
made 1 hour after injection showed that some 
of the medium remained in the vessels. One 
group of dogs was treated in the manner de- 
scribed. Another group of 5 dogs was sim- 
ilarly treated except that the oily emulsion 
was injected after the pancreatic ducts had 
been ligated. Postoperatively, the dogs were 
studied as in the previous experiment except 
that in the last group of 5 dogs serum lipase 
determinations were not performed. 

RESULTS 

The group of dogs subjected to ductal liga- 
tion and immediately allowed to eat post- 
operatively showed changes in the blood 
serum amylase and lipase levels illustrated in 
Figure 2a. Only 3 dogs in which successful 
duct ligation was achieved are included in the 
chart. The chart shows sudden elevations in 
the serum amylase levels which drop within 
5 days and by 2 weeks have reached the pre- 
operative levels. The serum lipases were 
slower in rising but remained up after the 
amylase levels had receded. Exploratory 
laparotomy on the third postoperative day 
revealed only moderate edema of the pan- 
creas. At necropsy, there was considerable 
atrophy of the gland with mild inflammatory 
reaction and fibrosis. Microscopically, con- 
siderable acinar atrophy had occurred with 
interlobular fibrosis and chronic inflamma- 
tory cell infiltration (Fig. 3a). 

Changes in the serum enzyme levels in the 
dogs stimulated with pancreozymin follow- 
ing duct ligation are represented in Figure 
2b. Four dogs in this group were successfully 
ligated. Here the amylase and lipase levels 
were higher but tended to follow the same 
pattern as the previous group. On the third 
postoperative day the gland showed only 
marked edema. Postmortem examinations 
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Fig. 2. Graphic representation of serum amylase and 
lipase levels: a, with pancreatic duct ligation and normal 
dietary stimuli; b, with pancreatic duct ligation followed 
by stimulation with pancreozymin and secretin over a 
period of 4 days; c, without ligation but following injection 
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of the superior pancreaticoduodenal artery with 4 milli- 
liters of an oily emulsion; and d, with ligation of the pan- 
creatic ducts and following the injection of the superior 
pancreaticoduodenal artery with 4 milliliters of an oily 
emulsion. 
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Fig. 3. Stained sections of the dog’s pancreas: a, follow- 
ing duct ligation and normal dietary stimuli, atrophy of 
the acinar tissue with interlobular fibrosis and small round 
cell infiltration is seen; b, following duct ligation and 
stimulation with pancreozymin and secretin over a 4 day 
period, complete atrophy of the acinar tissue is noted to- 
gether with fibrous tissue replacement and the presence of 


acute and chronic inflammatory cells; c, following the in- 
jection of 4 milliliters of an oily emulsion without duct 
ligation, normal architecture is seen; and d, following duct 
ligation and the injection of 4 milliliters of an oily emulsion, 
almost complete atrophy of the acinar tissue is evident to- 
gether with marked inflammatory cell infiltration and inter- 
lobular fibrosis. 
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revealed increased inflammatory reaction and 
atrophy. Two dogs showed some very small 
areas of fat necrosis in the area of the liga- 
tion of the main duct. In the stained sec- 
tions, almost complete atrophy of the acinar 
tissue was seen with considerable interlobular 
fibrosis and acute and chronic inflammatory 
cell infiltration (Fig. 3b). 

In 2 dogs with patent ductal systems, in- 
jection of the superior pancreaticoduodenal 
artery with 4 milliliters of an oily emulsion 
resulted in only a moderate rise of the serum 
amylase and lipase levels (Fig. 2c). There 
was very little gross change in the gland, and 
microscopically the architecture of the acinar 
tissue appeared undisturbed (Fig. 3c). In 
marked contrast, the 3 dogs in which success- 
ful duct ligation was achieved and the artery 
injected with the emulsion, the elevations in 
serum enzyme levels were considerable (Fig. 
2d). The extent of rise and the pattern closely 
simulates that seen in the group stimulated 
with pancreozymin after ligation of the ducts. 
However, at exploratory laparotomy only 1 
of the 3 dogs showed slight evidence of fat 
necrosis in one area of the gland. Necropsy 
studies revealed marked atrophy, fibrosis, 
and chronic inflammation. Microscopically, 
only marked atrophy, interlobular fibrosis, 
and small round cell infiltration were present 
(Fig. 3d). 


Secretin, first isolated by Mellanby, results 
in an increased flow of pancreatic juice, con- 
sisting chiefly of water and sodium bicar- 
bonate. Pancreozymin affects the external 
secretory activity of the pancreas by causing 
an increase in the output of the pancreatic 
enzymes in the juice, when given with secre- 
tin. Isolation of this hormone was achieved 
by Harper and Raper (6), and their original 
work was substantiated by Greengard, Gross- 
man, Woolley, and Ivy. Histological studies 
on the rat pancreas showed that administra- 
tion of the hormone produced a washing out 
of the secretory granules of the pancreatic 
acinar tissue very similar to changes produced 
by vagus nerve stimulation (7). Following 
the ingestion of food, acid chyme entering 
the duodenum influences the pancreas to se- 
crete fluid high in enzyme content (11). 


DISCUSSION 
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Utilization of these two potent stimuli in 
the presence of complete duct obstruction in 
dogs resulted in very high serum amylase and 
lipase levels, but gross and histological studies 
did not yield any evidence to indicate that 
acute pancreatitis, as manifested by fat and 
hemorrhagic necrosis, was produced. Simi- 
larly, duct obstruction followed by the in- 
troduction of fat emboli into the arterial 
blood supply of the gland produced clinical 
evidence of acute pancreatitis, but no fat 
necrosis or necrotizing hemorrhage. 

Evidently, other factors must be involved 
in the production of acute pancreatitis. Work 
in progress suggests dietary imbalance to be 
one of the most important. Pancreatitis may 
be produced readily in the dog by adminis- 
tration of d,l-ethionine, a presumed antag- 
onist of the essential amino acid methionine. 
Small doses of the drug of the order of 25 
milligrams per kilogram of body weight, ad- 
ministered daily to dogs over a period of sev- 
eral weeks, result in extensive atrophy of the 
pancreas, whereas larger doses of 150 to 200 
milligrams per kilogram over a period of 8 to 
10 days produce pancreatitis with extensive 
fat necrosis and hemorrhagic areas. The 
serum amylase levels do not rise, but tend to 
fall. In addition to the acinar degeneration 
of the pancreas, fatty changes occur in the 
liver. The administration of d,l-ethionine 
induces changes in the pancreas of the dog 
that are more varied than. those reported in 
the rat (3, 4). 


CONCLUSIONS 


After ligation of the pancreatic ducts in 
dogs, stimulation of the gland by food, or by 
food and the intravenous administration of 
secretin and pancreozymin, resulted in im- 
mediate elevations of serum amylase and lipase 
levels. Similarly, high serum enzyme levels 
were found after duct ligation and the injec- 
tion of an oily emulsion into the arterial 
blood supply of the pancreas. Although the 
changes in the serum enzyme levels simulate 
the clinical picture of acute pancreatitis, no 
fat or hemorrhagic necrosis was found. The 
latter changes may be produced, without 
serum enzyme elevation, by the oral admin- 
istration of d,l-ethionine. 
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AN EVALUATION OF THE CYTO- 
LOGIC EXAMINATION OF BODY 
SECRETIONS IN THE DIAGNO- 
SIS OF CANCER 


INCE Papanicolaou’s contribution! on 

the identification of cancer cells in va- 

ginal smears, practically every secre- 
tion and orifice of the body has been investi- 
gated by his smear method or variants of it. 
The various materials which have been stu- 
died include vaginal material, sputum and 
bronchial secretions, esophageal material, gas- 
tric washings, feces, spinal fluid, urine, and 
secretions from the breast. Initially much 
enthusiasm was displayed concerning the 
value of cytologic diagnosis in many of these 
fields but it is becoming evident that this 
method of diagnosis is of much more value in 
certain fields than others. The smear tech- 
nique has proved most useful in the diagnosis 
of carcinoma in situ of the cervix and pul- 
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monary carcinoma. The reasons for the use- 
fulness in these two fields are different. Car- 
cinoma in situ of the cervix seldom has any 
gross features which will distinguish it from 
other commoner lesions such as erosion. On 
the other hand, while primary pulmonary car- 
cinoma is a characteristic lesion grossly, the 
organ is not readily accessible for diagnostic 
purposes. 

A cytologic laboratory, in order to attain 
maximal efficiency, probably should be organ- 
ized with the aid of technician scanners who 
have had adequate training in the recognition 
of cancer cells in smears. It is not possible for 
a pathologist to spend the necessary amount 
of time needed in scanning unknown material. 
The cytologist need only review those cells 
which appear suspicious to the technician and 
render the final opinion. It is also necessary 
for the cytologist to check the technician’s 
negative results occasionally. For a physician 
to be a pathologist does not mean that he is a 
cytologist. To be a competent cytologist, it 
is necessary for a pathologist to spend hours in 
self-training. Because of the time-consuming 
nature of existing cytologic methods, the pro- 
cedure is a costly one which is done adequately 
in only a few centers. It is possible that new 
methods such as the microfluorometric meth- 
od being studied by Mellors, Papanicolaou, 
and Glassman? will lessen the time factor 
needed for human scanning and thus make the 
procedure a sounder one economically. 

The two stains which have been most com- 
monly employed in the cytologic diagnosis of 
cancer are the Papanicolaou stain and hema- 

2ME tors, R. C., PAPANICOLAOU, G. N., and GLASSMAN, ADELE, 
(Abstr.) A microfluorometric method under development for the 


scanning and the detection of cancer cells in vaginal smears 
Am. J. Path., 1951, 27: 734-735. 
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toxylin and eosin stain. There is little to 
choose between them. The accuracy of the 
test does not depend as much on the stain 
which is employed as it does on the experience 
of the examiner. It still remains a fact that 
there is no specific stain for cancer cells such 
as there is for the tubercle bacillus. 

Studies of urinary smears and prostatic 
secretions have led to somewhat variable re- 
sults. Botsford and Tucker’ claim that uri- 
nary smears and vaginal smears are the two 
most practical ones for cytologic examination. 
Hock, Wood, and Kosinski‘ were able to make 
a diagnosis of carcinoma of the prostate in 30 
per cent of cases of proved carcinoma in a 
small series of cases. McDonald’s experience® 
would indicate that urinary smears can be 
utilized to make a diagnosis of the more ana- 
plastic types of carcinoma of the bladder but 
are of very little use in the less malignant 
papillary varieties. Such smears are of ques- 
tionable value in competition with a compe- 
tent cystoscopist. In carcinoma of the kidney, 
examination of urinary sediment produces too 
many false positive errors and too many false 
negative errors to be of practical value. In 
the examination of prostatic smears, cytologic 
methods of diagnosis are very accurate when 
the results are positive. However, the percent- 
age of cases in which there is a single nodule 
deep in the prostate and in which positive 
results are obtained with prostatic smears is 
very low. It is in this type of case that the 
lesion is most amenable to surgical excision. 
Furthermore, the procedure of prostatic mas- 
sage is not a recommended one for carcinoma 
of the prostate. It would appear that the pro- 
cedure has limited value here. 


3BoTsFoRD, T. W.,and TucKER, MARTHAR. Application of cyto- 
logic smear methods to cancer diagnosis in a general hospital. 
3: “Am. M. Ass., 1950, 142: 975-079 

4Hock, E. F., Woon, F. W., and i A. A. The cytologic 
detection of prostatic carcinoma: its clinical application. J. Urol., 
Balt., 1950, 63: 1081-1085. 
’McDOoNnALp, oR Unpublished data. 
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The cytologic examination of gastric wash- 
ings has led to disappointing results. Seybolt, 
Papanicolaou, and Cooper® reported that they 
were able to obtain positive results in 32.8 per 
cent of a series of 168 carcinomas of the stom- 
ach while the false positive error was 2.5 per 
cent. The experience of Swarts, Ragins, 
Bernstein, and Meyer’ and of Bryant, Craig, 
and Pollard’ is similar to that of the above 
workers. It is possible that the method of dis- 
solving the mucus in the stomach by papain as 
suggested by Rosenthal and Traut? will lead 
to a practical method for increasing the num- 
ber of positive results that can be obtained in 
cases of carcinoma of the stomach. The meth- 
od of Andersen, McDonald, and Olsen” by 
which direct smears of esophageal and cardiac 
lesions of the stomach are taken through the 
open end of the esophagoscope has proved to 
be a valuable adjunct in diagnosis. This can 
be particularly valuable in lesions of the car- 
diac end of the stomach. 

The cytologic examination of sputum and 
bronchial secretions has been utilized exten- 
sively in a few centers. McDonald has found 
that in 1,000 consecutive positive diagnoses of 
carcinoma based on the examination of both 
sputum and bronchial secretions he has had 
only 10 false positive reports. It is very diffi- 
cult if not impossible to determine how many 
cancers of the lung cannot be diagnosed by 
the examination of sputum and bronchial se- 
cretions, but it would appear that in 30 to 40 
per cent of cases of bronchogenic carcinoma 

8SEYBOLT, J. F., Papanicoraou, G. N., and Cooper, W. A. 
Cytology in the diagnosis of gastric cancer. Cancer, 1951 
gf ing M., Racins, A. B., BERNSTEIN, ARTHUR, and MEYER, 
JAcos. Diagnosis of gastric cancer by cytologic examination of 
gastric washings. Gastroenterology, 1950, 14: 265-274. 

8Bryant, H.C., Craic, W. R., and Pottarp, H. M. Cytologic 


study of gastric aspirate for carcinoma cells. J. Nat. Cancer 
Inst., 1949, 10: 459-466. 

*ROSENTHAL, M., and Traut, H. F. The mucolytic action of 
papain for cell concentration in the diagnosis of gastric cancer. 
Cancer, 1951, 4: 147-14 
10ANDERSEN, H. A., icbowas, J. R., and Otsen, A.M. Cyto- 
logic diagnosis of carcinoma of the esophagus and cardia of the 
stomach. Proc. Mayo Clin., 1949, 24: 245-253. 














cancer cells are not present in the sputum. 
This high figure does not mean that the proce- 
dure is worthless; on the contrary, the lung is 
a relatively inaccessible organ and other 
means of positive diagnosis short of thoraco- 
tomy are notoriously poorer than those of pul- 
monary cytology. 

In the gynecologic field the cytologic smear 
has its most practical application in the dis- 
covery of preclinical carcinoma of the uterine 
cervix. Fundal carcinoma, evasive to the cy- 
tologist, is much less common and less lethal 
than cervical carcinoma. When gynecologic 
carcinoma is manifest or clinically suspected, 
more conventional diagnostic measures are 
preferable. 

The average age at which cervical carcino- 
ma in situ is detected is in the latter part of 
the fourth decade, at an age about ten years 
younger than that for the symptomatic lesion. 
If the assumptions are true, as an increasing 
number of students of the subject believe, that 
intraepithelial carcinoma usually goes on to 
invasion and that the invading lesions usually 
have had an intraepithelial phase, this 10 
year delay offers a unique opportunity to the 
cytologist. 

It has been amply demonstrated that a 
single properly prepared cervical smear is 
more accurate in the detection of preclinical 
carcinoma than is a single conventional biopsy 
specimen, chiefly because the lesion is so often 
not grossly apparent.” 

In screening smears from “noncancerous” 
appearing cervices, between 0.5 and 1.0 per 
cent of such smears reveal.an unsuspected cer- 
vical carcinoma which is usually preinvasive. 
Cervical smears have become a valuable ad- 
junct in the detection of early carcinoma. 

Joun R. McDonaLp 
Davip C. DAHLIN 
UDaunin, D. C., MussEy, ExizABetH, and Dockerty, M. B. 


Cervical smears in the detection of preclinical carcinoma: our 
experience with 10,000 cases. Unpublished data. 
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ESOPHAGEAL BLEEDING 


HE most common cause of bleeding 

from the esophagus is hemorrhage 

from ruptured esophageal varices. 
Although peptic ulcer is by far the most com- 
mon cause of massive upper gastrointestinal 
bleeding, hemorrhage from esophageal varices 
accounts for from 5 to 20 per cent of the cases 
in most reported series and usually ranks in 
second place. The mortality rate of patients 
with bleeding esophageal varices ranges as 
high as 60 to 70 per cent. Patek and his asso- 
ciates! found that approximately 50 per cent 
of patients who have hemorrhage from eso- 
phageal varices die within 1 year after the first 
hemorrhage. 

Esophageal varices represent one of the col- 
lateral channels which develops between the 
portal and systemic venous systems when some 
type of chronic obstruction to the flow of blood 
through the portal system has resulted in an 
increased portal venous pressure. In approxi- 
mately g5 per cent of such cases the obstruc- 
tion will be the so-called intrahepatic type 
which results from cirrhosis of the liver. The 
remaining cases result from an extrahepatic 
obstruction and usually present a clinical pic- 
ture compatible with the diagnosis of Banti’s 
disease. Thrombosis of a major segment of the 
portal system is the usual source of extrahe- 
patic obstruction although cavernous trans- 
portation of the portal vein, aneurysm of the 
splenic artery, and other rare etiological con- 
ditions have been reported. An increased 
number of engorged veins are frequently seen 
along the upper gastrointestinal tract in cases 
of portal hypertension and bleeding from sub- 
mucosal veins in the fundus of the stomach 
may be associated with bleeding from eso- 
phageal varices. The loosely supported eso- 

1PaTeEK, A. J., Jr., Post, JosepH, RAtNorr, Oscar D 


Mankin, Harotp, and HiLttman, Rosert W. Dietary treatment 
of cirrhosis of the liver. J. Am. M. Ass., 1948, 138: 543. 
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phageal veins, protected by only a thin layer 
of mucosa and subjected to the constant 
change of intrathoracic pressures during respi- 
rations, undergo considerable dilatation with 
consequent vulnerability to rupture. The 
mechanism whereby rupture occurs is poorly 
understood, but there is evidence to suggest 
that ulceration produced by regurgitated gas- 
tric juice is the most important factor. 

The diagnosis of a Banti’s disease type of 
extrahepatic obstruction in the case of mas- 
sive upper gastrointestinal hemorrhage may 
be suggested by the age of the patient, as 
hematemesis frequently occurs in these cases 
during childhood or early adult life. The pres- 
ence of splenomegaly, anemia, and, at times, 
leucopenia and thrombocytopenia strongly 
suggests a diagnosis of Banti’s disease. 

Bleeding from esophageal varices secondary 
to cirrhosis of the liver usually presents a more 
difficult diagnostic problem. The age of these 
patients corresponds closely to the age of pa- 
tients bleeding from peptic ulcer. Approxi- 
mately 50 per cent of both groups are 40 to 60 
years old. Males predominate in both groups. 
However, whereas males comprise go to 95 per 
cent of the bleeding ulcer patients, they make 
up only 60 to 65 per cent of the group with 
bleeding esophageal varices. Bleeding from 
varices comes on suddenly, is painless, and 
may be the first indication of the patient’s 
illness. The majority of patients with bleeding 
varices and cirrhosis are chronic alcoholics. 
Bleeding may occur during an acute phase of 
the cirrhotic process, and signs of acute hepatic 
insufficiency will immediately suggest the di- 
agnosis. In such a case there may be a history 
of marked recent anorexia, nausea, weakness, 
and general malaise. Jaundice, ascites, and 
enlargement of the liver and spleen are usually 
present. Spider angiomas of the skin and 
palmar erythema are frequently present and 
are fairly characteristic of cirrhosis. The total 
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serum proteins and serum albumin are re- 
duced. The prothrombin time is markedly 
prolonged. The cephalin flocculation and thy- 
mol turbidity tests are positive, and other liver 
tests indicate a marked hepatic insufficiency. 
Such an acute phase not infrequently follows 
closely upon an alcoholic spree. 

Bleeding which occurs during a quiescent 
phase of the cirrhotic process presents the 
most difficult diagnostic problem and the one 
which must be differentiated most frequently 
from a bleeding peptic ulcer. The absence of 
ulcer symptoms both immediately preceding 
the bleeding episode and prior to this time 
points toward a diagnosis of esophageal bleed- 
ing. However, the most important diagnostic 
signs are the presence of an enlarged hard 
liver, possibly an enlarged spleen, and evidence 
of superficial collateral circulation. Signs of 
impaired liver function, although not as 
marked as during the acute phase of cirrhosis, 
will be present. If the patient’s condition per- 
mits, and the diagnosis cannot be satisfactorily 
determined otherwise, an x-ray examination 
after the ingestion of barium is indicated to 
permit careful inspection of the esophagus, 
stomach, and duodenum. Positive x-ray find- 
ings are exceedingly helpful. However, bleed- 
ing varices may be present even when they 
cannot be demonstrated. After bleeding has 
stopped, an esophagoscopic examination may 
be carried out. 

The emergency treatment of bleeding eso- 
phageal varices once the diagnosis has been 
established may be outlined as follows: (1) 
adequate blood replacement; (2) supportive 
hepatic therapy, particularly for episodes of 
bleeding during a phase of acute hepatic fail- 
ure; (3) discontinuation of oral intake during 
active bleeding; and (4) esophageal tam- 
ponade. 

Early and adequate blood replacement is 
essential. Intravenous fluids other than blood 














may be used sparingly at the time of admis- 
sion until compatible blood is available; then 
approximately 1,500 cubic centimeters per 24 
hours should be administered to care for in- 
sensible fluid loss and urinary function while 
transfusions are being given. The rate of 
bleeding may be rapid in this type of hemor- 
rhage, and massive continued blood admin- 
istration may be required. Four to eight 
thousand cubic centimeters of blood may be 
required within a 24 hour period. 

Caution must be exercised in the adminis- 
tration of drugs to produce sedation if im- 
paired liver function is suspected. 

If there are signs of acute hepatic insuff- 
ciency, the parenteral administration of vita- 
min K is indicated. Oral intake is discontin- 
ued during the bleeding period, but liquids and 
bland foods are usually started 12 hours after 
bleeding has stopped. 

In the event of continued copious bleeding, 
esophageal tamponade should be applied. The 
preferred method consists of passing a mul- 
tiple lumen tube which has two separately 
inflatable balloons—a smaller balloon on the 
distal portion of the tube which is passed 
through the esophagogastric orifice and a prox- 
imal balloon which is inflated in the lower end 
of the esophagus. Patton recommends deflat- 
ing the upper balloon at the end of 12 hours. 
If there is evidence of bleeding, the balloon is 
reinflated for an additional 12 hour period. 

It has been suggested that an emergency 
blood vessel shunt operation may be indicated 
at times if bleeding persists. However, the 
mortality rate of such operative treatment is, 
at present, prohibitive. After the acute bleed- 
ing episode has passed, consideration must be 
given to measures which may prevent a recur- 
rence. Those patients with a marked acute 
depression of hepatic function may experience 
considerable improvement from prolonged 
rest, a high carbohydrate, high protein, high 
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vitamin diet, and abstinence from alcohol. If 
portal hypertension is present, operative treat- 
ment may be considered after hepatic function 
has reached maximum improvement. 

Of the numerous types of operative proce- 
dures which have been devised for the treat- 
ment of portal hypertension, the two that are 
most strongly advocated at present are (1) the 
portacaval shunt operations of Blakemore? 
and (2) esophagogastric resection. In certain 
carefully selected cases, splenectomy has been 
beneficial. Ligation of the splenic and hepatic 
arteries as suggested by Rienhoff* and Berman 
and his associates! may be expected to lower 
the portal venous pressure. Whether the indi- 
rect lowering of the pressure by arterial liga- 
tion will be as effective as the more direct 
method of venous shunt or whether the effect 
of arterial ligation will be abolished as collat- 
eral circulation develops is a question which 
cannot be answered at the present time. In 
general, the use of the venous shunt proce- 
dures has been favored. In cases of extrahe- 
patic Banti’s type of illness with an enlarged 
spleen, a splenectomy and end-to-side spleno- 
renal anastomosis is indicated. There are two 
chief reasons for selecting this approach: (1) 
removal of the enlarged spleen is beneficial in 
abolishing the effects of hypersplenism, and 
(2) the portal vein is frequently unsuited for 
anastomosis in these cases because of throm- 
bosis, fibrosis, or other defects. 

For the intrahepatic type of obstruction 
such as occurs in cases of cirrhosis, the side-to- 
side portacaval anastomosis is now strongly 
favored. A larger anastomosis can be estab- 
lished with this procedure, and the incidence 
of postoperative thrombosis at the site of the 


2BLAKEMORE, A. H. The portacaval shunt in the surgical treat- 
ment of portal hypertension. Ann. Surg., 1948, 128: 825. 

3RIENHOFF, WILLIAM F., Jr. Ligation of the hepatic and splenic 
arteries in the treatment of portal hypertension with a report of 
six cases. Bull. Johns Hopkins Hosp., 1951, 88: 368. 

4BERMAN, J.K., Koenic, H.,and Sat, W. K. Ligation of the 
hepatic and splenic arteries in the treatment of portal hyper- 
tension. Q. Bull. Indiana Univ. M. Center, 1950, 12: go. 
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anastomosis should be reduced. Also, the nu- 
merous collateral vessels around the spleen 
may be left intact. The formerly used end-to- 
side portacaval anastomosis has been aban- 
doned, as it seems quite certain that complete 
interruption of the portal blood flow through 
the liver contributes to a fatal postoperative 
hepatic insufficiency in some patients. For the 
portacaval or splenorenal anastomosis, a long 
right or left incision over the costal margin is 
used with division of the costal margin and the 
ends of the sixth, seventh, and eighth ribs. 
A costal margin flap is then reflected upward. 
This procedure gives adequate exposure of 
the upper quadrants without opening into the 
thorax. 

In a limited number of cases in which bleed- 
ing could not be adequately controlled by a 
shunt procedure, esophagogastric resection 
has been performed. This procedure removes 
the region of the esophagus in which varices 
are most frequently located and interrupts the 
flow of portal blood through the vulnerable 
collateral venous channels of the esophagus. 
In one such case a secondary total gastric 
resection was necessary in order to abolish 
bleeding from engorged vessels in the gastric 
remnant. 
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Acute esophageal hemorrhage from sources 
other than varices is unusual. Bleeding from 
esophagitis or peptic ulcer of the esophagus is 
rarely of the massive type unless a major 
vessel, such as the pulmonary artery or aorta, 
is eroded. In such cases the hemorrhage is 
usually fatal within a very short period of time 
regardless of therapy. In about 3 per cent of 
the cases of carcinoma of the esophagus, hema- 
temesis occurs as a result of erosion of the 
growth into an esophageal vessel. Conserva- 
tive treatment during the bleeding episode 
with a subsequent excision of the involved 
esophagus, if possible, is indicated in these 
cases. Perforation of an aortic aneurysm into 
the esophagus occurs in rare instances, and 
bleeding is usually fatal within a short period 
of time. The diagnosis is usually suggested by 
the shadow of the aneurysm in a roentgeno- 
gram of the chest. Other rare causes of eso- 
phageal bleeding include hemorrhage from an 
esophageal diverticulum, from esophagitis as- 
sociated with cardiospasm, and from foreign 
bodies lodged in the esophagus. After bleed- 
ing has stopped and the blood volume restored 
by transfusions, surgical treatment of the pri- 
mary disease is indicated. 

Wi iam P. Lonemire, Jr. 
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N his monograph Topographische Ausdeutung der 
I Bronchien 1m Roentgenbild'! Dr. Esser has pro- 
vided the medical profession with a valuable refer- 
ence book on bronchial anatomy. It will be of great- 
est interest to phthisiologists, bronchoscopists, and 
thoracic surgeons. 

As stated in his introduction, Dr. Esser has at- 
tempted to present a detailed study of the mor- 
phology of the bronchial tree, correlating it with 
roentgenographic studies including tomograms, 
bronchograms, and routine roentgenograms. The 
pathology and physiology of the bronchial tree are 
not stressed. The material for this work was obtained 
from numerous studies carried out at the University 
Institute for Roentgenology and Radiology of the 
Charity Hospital, Berlin; the Roentgen Department 
of the Caritas Hospital, Kéln-Hohenlind; and the 
University-Roentgen Institute, Mainz. 

The first part of the book deals with the over-all 
plan of the course of the bronchi, the historical as- 
pects of bronchial anatomy, investigative methods, 
nomenclature and the form of bronchial and vascular 
pathways. In the section on nomenclature the au- 
thor reviews in detail the work of other men in the 
field and points out advantages and shortcomings of 
earlier and current terminologies. He himself ad- 
heres to the systems of nomenclature advanced by 
Jackson and Huber, Overholt, and Boyden, with a 
few minor exceptions. 

The major portion of the 152 page monograph 
deals in a meticulously detailed fashion with the 
anatomy of the bronchi and their branches. Each 
bronchus and its branches are discussed fully under 
the following headings: origin, variations, course, 
individual characteristics, blood vessels, roentgeno- 
graphic appearance, branches, and destination. For 
purposes of clarification, the author presents at the 
beginning of each discussion a list of the various 
names used by other workers for the particular 
bronchus in question. 

The whole is profusely and beautifully illustrated 
with diagrams, bronchograms, tomograms, and 
routine roentgenograms taken in various projections. 
A valuable aid to the reader is the use, with each 
roentgen study, of a diagram depicting the projec- 
tion in which the film was made. 

If any criticism can be offered, it would be that the 
work contains an excess of detail. It is unlikely that 


I1TOPOGRAPHISCHE AUSDEUTUNG DER BRONCHIEN IM ROENT- 
GENBILD MIT BERUECKSICHTIGUNG DER NEUZEITLICHEN NOMEN- 
KLATUR. By Priv.-Doz. Dr. C. Esser. Stuttgart: Georg Thieme, 
1Q5I. 
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the thoracic surgeon will find this book of great 
practicality for everyday clinical use. However, it 
will serve as an excellent reference work on the 
structure and roentgenographic appearance of the 
bronchial tree. F. Henry ELLs, Jr. 


Eee first edition of the book Die Behandlung 
entziindlicher Genitalerkrankungen der Frau? ap- 
peared in 1932 and the second one in 1946. The 
book deals with inflammatory diseases of the female 
genital tract. The author discusses the etiology and 
spread of pelvic inflammations, the diagnosis. and 
treatment. The following organs are considered in 
the order given here: vulva, vagina, cervix, corpus 
uteri, adnexa, peritoneum, and pelvic connective 
tissue. A special chapter is devoted to the treat- 
ment of gonorrhea and genital tuberculosis. 

Throughout the book, the author recommends 
both simple and elaborate prescriptions and many 
drugs which are not used in the United States. Of 
course, he discusses chemotherapy and the anti- 
biotics, especially for gonorrhea and pelvic tuber- 
culosis. For the former, the author recommends 
penicillin and the sulfonamides. He emphasizes that 
chemotherapy in pelvic tuberculosis cannot replace 
the customary therapy but should be used only as 
supportive treatment. At least 9 to 12 months are 
required to determine a cure of tuberculosis. 

The book contains a great deal of useful informa- 
tion, but it is safe to predict that if a fourth edition 
should appear, it will be much smaller than the pres- 
ent volume because of the simplification of therapy 
of pelvic inflammatory disease by chemo-antibiotic 
therapy. Because of the innumerable references to 
therapy with unfamiliar drugs, this book will not 
be helpful to American physicians, but it is popular 
in Germany. J. P. GREENHILL. 


HE monograph The Temporomandibular Joint? 

is one of a series entitled the ‘American Lectures 
in Dentistry” and is concerned with the syndrome 
of clicking and chronic pain emanating from the 
temporomandibular joint. 

The sections en gross and minute anatomy, de- 
velopment, and on normal and abnormal functioning 
of the area are well presented in considerable detail. 
The remainder of the book is concerned largely with 

2D1E BEHANDLUNG ENTZUNDLICHER GENITALERKRANKUNGEN 
DER Frav. By Prof. Dr. Gustav Déderlein. 3rd ed. Leipzig: 
Georg Thieme, 1951. 

3THE TEMPOROMANDIBULAR JOINT. Edited by Dr. Bernard G. 


Sarnat, M.S., M.D., D.D.S., F.A.C.S. Springfield, Ill.: Charles 
C. Thomas, 1951. 
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the pathogenesis, diagnosis, and dental treatment of 
this condition. From the arguments presented, it 
would appear that certain aspects of these are still 
controversial. 

Though primarily dental in scope and focus, the 
book contains much information which is useful and 
of interest to surgeons who have contact with this 
work. FRANK McDowELL. 


HE first edition of Heart Disease! was published 
in 1931, twenty years ago. The popularity of 
the first, second, and third editions imply the excel- 
lence of the fourth. The new features of particular 
interest include the recent advances in the field of 
cardiac surgery in congenital heart disease and Dr. 
White’s views on surgery for hypertension. He 
presents a conservative attitude toward the use of 
anticoagulants in coronary disease. 
The book is well organized, legibly printed, nicely 
illustrated, and accurately indexed. The bibliog- 
raphies are unusually good. CHaAuNcEy C. Mauer. 


— is probably nothing in the medical litera- 
ture in the English language that is comparable 
to the exhaustive new French text on general sur- 
gery, Traité de thérapeutique chirurgicale? written 
by two surgeons of the Faculté de Médecine, in 
Lyon, France. It comprises almost 3,400 pages of 
close print, without a single illustration, and it deals 
with all phases of matters surgical from the subjects 
of anesthesia, infections, trauma, and those matters 
considered in this country to be the concern of the 
bone and joint surgeon, through all the subjects 
common to the general surgeon, to a long considera- 
tion of gynecologic and urologic subjects. Thoracic 
and neurologic surgery are included, and in all sec- 
tions there is a special interest in the subject of 
tumors. 

In creating this tremendous work, the authors had 
in mind certain specific attainments which would 
make their book entirely different from the usual text 
on general surgery. The book is, indeed, intended 
for the use of students, doctors beginning in practice, 
and already competent general surgeons, but they 
have made special effort to avoid discussions or ex- 
planations of actual surgical technique. Rather, 
they have discussed etiology, the rationale for vari- 
ous avenues of treatment, indications for the special 
methods of certain authors, to whom they freely re- 
fer, the anatomical and physiological bases for the 
various forms of surgical treatment according to the 
pathology, diagnostic difficulties, complications to 
be expected, and results that are of common expe- 
rience. The range of subjects discussed is most ex- 
ceptional. 

No bibliography is furnished, and the authors state 
that they have purposely omitted one because to 


1HEART DisEASE. By Paul Dudley White, M.D. 4th ed. 
New York: The Macmillan Co., 1951. 

2TRAITE DE THERAPEUTIQUE CHIRURGICALE (A Treatise on 
Surgical Therapy). By P. Bertrand, and J. Creyssel. Vols. 
1 and 2. Paris: G. Doin & Cie, 1951. 





have included even an extensive one would undoubt- 
edly have been to have overlooked important refer- 
ences of which they are not aware, and, furthermore, 
to have added to the burden of the reader. This book 
has a definite value as a reference and source mate- 
rial, and while it does not give to-the-point informa- 
tion which the American surgeon is accustomed to 
find in his familiar texts, it certainly fills in many of 
the hiatuses in our surgical texts which sometimes 
cause our own works to be clipped and foreshortened. 
The book is well printed, its excellent format makes 
for easy and efficient reading, and it is fairly well 
indexed. Unfortunately, like many books of foreign 
origin, it is poorly bound and will not withstand 
rough or heavy use. Joun Martin. 


HE authors, a gynecologist and an endocrin- 

ologist, have summarized in Psychosomatic 

Gynecology’ a great deal of the extensive litera- 

ture concerning the relation of emotional factors to 

obstetric and gynecologic problems. To this they 

have added the results of their own observations to 
produce an exceedingly interesting volume. 

The text is divided into five parts. Part I con- 
siders the psychosomatic aspects of the fetus and 
infant. One chapter of Part II which deals with 
the psychosomatic aspects of the mother during 
pregnancy has been written by Grantly Dick Read. 
It is a discussion of the psychological preparation 
of the patient during the antenatal period and 
natural childbirth. Part III takes up the psychoso- 
matic aspects of neuroendocrinology, particularly 
as they relate to disturbances of the menstrual cycle. 
Part IV, common psychosomatic problems, presents 
not only those disturbances commonly considered 
as having a possible psychogenic background, but 
also a number of gynecologic problems which are 
not ordinarily associated with emotional disturb- 
ance. Among the latter are sterility, retroversion 
of the uterus, uterine prolapse, cystocele, stress in- 
continence, uterine myomas and neoplasms. Part 
V discusses methods of diagnosis and treatment. 
It is a detailed discussion of psychogenic therapy, 
including the technique of hypnoanalysis. 

The book unquestionably answers a serious need 
for it brings together in one volume the literature 
on a frequently discussed and most important sub- 
ject. There is no doubt that the gynecologist and 
obstetrician who read it will gain a more compre- 
hensive concept of the role of the emotions in gyne- 
cologic complaints. However, many gynecologists 
and obstetricians, less “dynamically oriented” than 
the authors, are apt not to share their enthusiasm 
in attributing the causes of some entities commonly 
considered of organic origin to psychodynamic 
factors. Scientifically trained and analytically 
minded skeptics may have difficulty in accepting a 
considerable part of the evidence used to prove the 


3’PsyCHOSOMATIC GYNECOLOGY; INCLUDING PROBLEMS OF 
OBSTETRICAL CARE. By William S. Kroger, M.D., and S. 
Charles Freed, M.D. Philadelphia and London: W. B. Saunders 
Co., 1951. 
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role of emotional instability in organic disease. 
They must, however, agree that the text justifiably 
emphasizes the importance of emotional problems 
in genital dysfunctions. Joun W. HuFrMan. 


si. overwhelming wealth of material and the 
splendid documentation by almost 400 illus- 
trations makes it impossible for any reviewer to do 
justice to Die gesunde und kranke Wirbelsaeule in 
Roentgenbild und Klinik; Pathologisch-anatomische 
Untersuchungen! without studying it closely from 
cover to cover. In 9g chapters the authors dis- 
cussed practically all conceivable situations in- 
volving the human spine. The greatest value of 
this work lies in the meticulous juxtaposition of 
pathological specimens with their respective roent- 
genological corollaries. 

The first chapter, dealing with normal structure 
and growth of the spine, clear and instructive as it 
is, is overshadowed by the following which covers 
the congenital anomalies. In the chapter on de- 
generative changes, those of the intervertebral disc 
are given particularly extensive study as one would 
expect from the discoverer of ‘‘Schmorl’s nodes.” 
It is difficult to select one particular chapter for 
its instructional value but we would name those on 
the morbid changes of the intervertebral disc, and 
that on the disease of the spinal columns as truly 
outstanding. These are in every respect complete 
and comprehensive, they are admirably presented 
and profusely documented by most excellent illus- 
trations. The review of an incredibly voluminous 
literature reflects the intensive labor which the 
authors have devoted to their task. 

This work is a fitting monument to the greatness 
of Georg Schmorl, who, with his enormous ex- 
perience has laid the foundation for the pathology 
of the spine and had based the first edition of this 
work upon his vast knowledge of the subject. Her- 
bert Junghanns is another recognized authority in 
roentgen diagnosis. He has in this second edition 
carried on Schmorl’s work after the latter’s untimely 
death in 1932. It is a classic in every sense—for 
its wealth of material, for its clearness in présen- 
tation, and for the high artistic standard of its 
illustrations. A. STEINDLER. 


‘lo author, an associate professor of ophthal- 
mology at Temple University School of Medi- 
cine, presents Textbook of Refraction” as an amplifi- 
cation of.the outlines and notes used in the class- 
room, with pertinent references appended to each 
chapter. The text presupposes a fair knowledge of 
anatomy and physiology of the eye and of the 
nervous system and of geometric and physiologic 
optics. 


1DIE GESUNDE UND KRANKE WIRBELSAEULE IN ROENTGEN- 
BILD UND KLINIK; PATHOLOGISCH-ANATOMISCHE UNTERSUCHUN- 
GEN. By Dr. Med. Georg Schmorl and Herbert Junghanns. 
and enl. ed. Stuttgart: Georg Thieme, 1951. 

TEXTBOOK OF REFRACTION. By Edwin Forbes Tait, M.D., 
Ph.D. Philadelphia: W. B. Saunders Co., 1951. 
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The volume includes chapters on vision, ocular 
reflexes, accommodation stimulus, response mech- 
anism, anomalies and variations of ocular accom- 
modation, emmetropia and ametropia, hyperopia, 
myopia, astigmia, presbyopia, and aphakia. Iso- 
metropia, anisometropia and aniseikonia, amblyopia, 
reading difficulties, visual screening, illumination 
and photophobia, binocular co-ordination, physiol- 
ogy and anatomy of the ocular muscles, ocular 
muscle anomalies, methods of refraction, including 
static and dynamic skiametry, diagnosis and cor- 
rection of heterophoria, diagnosis and correction of 
heterophoria are all considered. The last chapter 
gives in great detail a routine to follow while making 
an eye examination. BEULAH CUSHMAN. 


\ E are pleased to find so soon another install- 

ment of the exceptional work Lehrbuch der 
Roentgendiagnostik® before us for review. There will 
be 10 such parts in the complete work. We have 
seen the 4 on the skeleton; 2 will be devoted to the 
thorax, another 2 to the digestive organs, and a 
final 2 to the subjects of gynecology and obstetrics, 
urology, and some miscellaneous subjects to make 
this publication the most inclusive and complete 
reference work on radiology in existence. 

This particular part (5) deals with the thorax. 
It is difficult to find any phase of intrathoracic 
pathologic variation from the normal not included 
in these pages. The introductory section deals with 
the normal thorax and its contents. The remainder 
of the more than 400 pages of this section concerns 
the pathologic trachea, bronchi and lungs; pleural 
lesions evidently are to be discussed in part 6, 
along with the cardiovascular system. Exception- 
ally detailed consideration is given to pulmonary 
tuberculosis and the various kinds of inhalation 
diseases and the various types of pneumonia. The 
reader will find the text most comprehensive. As 
usual, the illustrations are superb. The bibliography 
is full, including many references to American and 
British literature. Any deficiencies in this regard 
will be taken care of in the English translation al- 
ready being published. James T. Case. 


“TS new seventh edition of A Textbook of Clinical 
Neurology by Israel S. Wechsler, is essentially, 
as were its predecessors, a textbook of clinical 
neurology that should serve as an excellent refer- 
ence for the medical student and general practi- 
tioner. 

This completely re-edited edition contains a well 
written section on psychological diagnosis under 
the section on “Method of Examination” and con- 
tains 32 pages at the end of the book devoted to an 
introduction to the history of neurology. 


By H. R. Schinz, 
No. 5, Inner Organ, 


3LEHRBUCH DER ROENTGENDIAGNOSTIK. 
W. E. Baensch, E. Friedl, and E. Uehlinger. 
Stuttgart: Georg Thieme, 1951. 

4A TExTBOOK OF CLINICAL NEUROLOGY; WITH AN INTRO- 
DUCTION TO THE History oF NEvuRoLoGyY. By Israel S. Wechsler, 
M.D. 7th ed. Philadelphia, London: W. B. Saunders Co., 1952. 
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The more notable changes in this edition include 
the treatment of the meningitides. It is particularly 
interesting to note that the author advocates. the 
use of intrathecal penicillin in the treatment of 
pneumococcic meningitis, in keeping with the 
writings of H. Cairns and in spite of the contrain- 
dications for intrathecal therapy as noted by A. L. 
Hoyne. He also advocates the continued treatment 
of tuberculous meningitis with streptomycin for 
months in spite of apparent remissions. The author 
warns the reader of the dangers of the treatment of 
syphilis of the nervous system with malaria, sug- 
gesting that severe anemia, cardiac failure, pyelitis, 
jaundice, or other infectious processes indicate that 
termination of the malarial treatment is in order. 

The average medical student may be somewhat 
overwhelmed by the number of syndromes men- 


tioned throughout the text such as: the syndrome 
of Gerhardt, syndrome of Vernet, syndrome of 
Villaret and Collet, and the syndrome of Schmidt. 
One would scarcely expect him to remember terms 
such as: Minor’s sign or the sign of Neri. 

The text is well written and easy to read; the 
sentences are relatively short and uncomplicated. 
Excellent references may be found at the end of 
each chapter and the majority of these references 
are to the English literature. 

The sentence on page 21, “‘All the Greeks through 
the Alexandrian and Roman periods down to Celsus, 
Galen, and Aretaeus, confused tendons with nerves” 
must bring a smile to those surgeons who are called 
upon to repair or correct secondarily lesions that 
have been too hastily repaired primarily. 

JOsEPH TARKINGTON. 


BOOKS RECEIVED 


Books received are acknowledged in this department, 
and such acknowledgment must be regarded as a sufficient 
return for the courtesy of the sender. Selections will be 
made for review in the interests of our readers and as 
space permits. 

CURRENT THERAPY 1952; LATEST APPROVED METHODS 
OF TREATMENT FOR THE PRACTICING PuysicIAN. Edited 
by Howard F. Conn, M.D., and other consulting editors. 
Philadelphia, London: W. B. Saunders Co., 1952. 

TWENTY-FirtH MEETING OF THE NORTHERN SURGICAL 
ASSOCIATION; HELD IN COPENHAGEN, JUNE 27TH to 29TH 
1951. Edited by Prof. E. Dahl-Iversen, M.D. Copen- 
hagen: Ejnar Munksgaard, 1951. 

LEHRBUCH DER ROENTGENDIAGNOSTIK. NO. 6, INNERE 
OrGANE. By H. R. Schinz, W. E. Baensch, E. Friedl, and 
E. Uehlinger. 5th rev. enl. ed. Stuttgart: Georg Thieme; 
New York: Grune & Stratton, Inc., 1952. 

NEUROSURGERY; AN HistToricAL SKETCH. By Gilbert 
Horrax, M.D., Sc.D. Springfield, Ill.: Charles C Thomas, 
1952. 

ETIOLOGY AND DIAGNOSIS IN THE TREATMENT OF INFER- 
TILITY IN MEN. By Robert S. Hotchkiss, M.D. Spring- 
field, Ill.: Charles C Thomas, 1952. 

GRUNDLAGEN DER STRAHLENTHERAPIE; Puysik, BIOLO- 
GIE UND ALLGEMEINE THERAPIE. By Dr. Med. Richard 
Kurt Kepp. Stuttgart: Georg Thieme; New York; Grune 
& Stratton, Inc., 1952. 

Tue Patuo.ocy or DiaBETEs ME titus. By Shields 
Warren, M.D., Sc.D., and Philip M. LeCompte, M.D. 3rd 
ed. Philadelphia: Lea & Febiger, 1952. 

TREATMENT BY MANIPULATION. By H. Jackson Bur- 
rows, M.D., F.R.C.S., F.R.A.C.S., and W. D. Coltart, 
M.B., F.R.C.S. 2nd enl. ed. London: Eyre & Spottiswode, 
1951. 

LEHRBUCH DER ROENTGENDIAGNOSTIK. Vol. 1, part 1; 
Skelett: Titelei, Vorwort, Inhaltsverzeichnis und Sach- 
register zu den Lieferungen 1 bis 4. By H. R. Schinz, W. E. 


Baensch, E. Friedl, and E. Uehlinger. 5th rev. enl. ed. 
Stuttgart: Georg Thieme, 1952. 

SURGERY AND THE ENDOCRINE SYSTEM; PHYSIOLOGIC 
RESPONSE TO SURGICAL TRAUMA—OPERATIVE MANAGE- 
MENT OF ENDOCRINE DysFUNCTION. By James D. Hardy, 
M.D., F.A.C.S. Philadelphia, London: W. B. Saunders 
Co., 1952. 

EL LACTANTE VOMITADOR (VISTO POR EL CIRUJANO). By 
Emilio Roviralta. 1st ed. Barcelona: S. A. Horta de Im- 
presiones y Edicones, 1950. 

PNEUMOPERITONIO DIAGNOSTICO. By Francisco Caval- 
canti da Silva Telles. Sao Paulo: Emprésa Grafica Editéra 
Guia Fiscal, 1951. 

CHLOROSIS; A RETROSPECTIVE INVESTIGATION. By Emil 
Schwarz. Brussels: Acta Medica Belgica, 1951. 

THE METABOLIC RESPONSE TO SURGERY. By Francis D. 
Moore, M.D., and Margaret R. Ball, A.B. Springfield, 
Ill.: Charles C Thomas, 1952. 

THE FIGHT AGAINST TUBERCULOSIS; AN AUTOBIOGRAPHY. 
By Francis Marion Pottenger, M.D. New York: Henry 
Schuman, Inc., 1952. 

DIABETES AND PREGNANCY. By Ralph A. Reis, B.S., 
M.D., F.A.C.S., Edwin J. DeCosta, B.S., M.D., F.A.C.S., 
and M. David Allweiss, B.S., M.D. Springfield, IIL: 
Charles C Thomas, 1952. 

Doctors DiFFER; Five StupIEs IN ConTRAST. By 
Harley Williams. Springfield, Ill.: Charles C Thomas, 1952. 

THE Quiet Art; A Doctor’s AntHoLocy. By Dr. 
Robert Coope. Edinburgh & London: E & S. Livingstone 
Ltd., 1952. 

An ATLAS OF GENERAL AFFECTIONS OF THE SKELETON. 
By Sir Thomas Fairbank, D.S.O., O.B.E., M.S., Hon. 
M.Ch. (Orth.), F.R.C.S. Baltimore: The Williams & 
Wilkins Co., 1951. 

ELEMENTARY MEDICAL STATISTICS; THE PRINCIPLES OF 
QUANTITATIVE MEDICINE. By Donald Mainland, M.B., 
Ch.B., D.Sc., F.R.S.E., F.R.S.C. Philadelphia, London: 
W. B. Saunders Co., 1952. 
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PRELIMINARY PLANS FOR 38TH CLINICAL CONGRESS, 
THE WALDORF-ASTORIA, NEW YORK 
SEPTEMBER 22 TO 26, 1952 


HE program of this year’s Clinical Con- 

gress will follow a general plan similar 

to that of recent Congresses. Attention 

is called, however, to the increased num- 
ber of sessions devoted to programs for the sur- 
gical specialties. 

In addition to the customary three day pe- 
riod of special programs for ophthalmology 
and for otolaryngology, the College’s Advisory 
Council for Gynecology and Obstetrics has ar- 
ranged for this Congress a three day separate 
program of panel discussion sessions. Also, the 
Surgical Forum Committee will provide a sepa- 
rate forum session for each of those surgical 
specialties submitting a sufficient number of re- 
ports of research work. 

The general scientific sessions and the programs 
planned for the different surgical specialties are 
outlined below. The detailed program will be an- 
nounced later. Sessions and exhibits will be cen- 
tered in the one major hotel, The Waldorf-Astoria, 
with some meetings at the Hotel Belmont-Plaza 
across the street and The Biltmore, which is 
also nearby. 

Subjects of the programs planned for the gen- 
eral scientific sessions and for the different sur- 
gical specialties are as follows: 


EVENING SESSIONS 


Cytologic and Biopsy Diagnosis of Cancer. 

Evaluation of Cancer Diagnostic Tests. 

Cancer of the Lung. 

Trauma Oration. 

Medical Management of Thromboembolic Disease, with 
an Evaluation of the Newer Anticoagulants. 

The Management of Thromboembolic Disease in Surgical 
Patients. 

Laryngeal Sequelae of Intratracheal Anesthesia. 

Conservative Surgical Treatment of Endometriosis. 

Evaluation of Liver Function Tests. 
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PANEL DISCUSSION SESSIONS IN 
GENERAL SURGERY 


Choice of Operation for Cancer of the Rectum. 

Blood, Plasma, and Plasma Expanders. 

Gallbladder Disease. 

Carcinoma of the Stomach. 

Pancreatic Disease. 

Postphlebitic Syndrome. 

Current Practice in Management of Problems Concerning 
Water, Electrolyte, and Protein Balance in Surgical 
Patients. 


PANEL DISCUSSIONS FOR SURGICAL 
SPECIALTIES 


Neurologic Surgery 

The Treatment of Intracranial Glioblastomas. 

The Diagnosis and Results of Treatment of Herniated 
Nucleus Pulposus in the Cervical Spinal Canal. 


Orthopedic Surgery 

Indications and Technique for Internal Fixation, Including 
Use of the Intramedullary Nail, of Fractures of the 
Shaft of the Femur. 

Indications and Technique for Internal Fixation, Includ- 
ing Use of the Intramedullary Nail, of Fractures of the 
Tibia. 


Plastic Surgery 

The Treatment of Compound Injuries Complicated by Ex- 
tensive Loss of Covering Tissue. 

The Replacement of Extensive Scars About Lower Leg, 
Ankle, and Foot with Sliding Flaps and with Cross-leg 
Flaps. 


Thoracic Surgery 

The Problem of Cardiac Arrest; Its Prevention and Treat- 
ment. 

Recent Developments in the Surgical Treatment of Pul- 
monary Tuberculosis. 


Urology 

Management of Surgical Injuries Occurring in the Urinary 
Tract. 

Management of the Congenital Anomalies of the Urinary 
Tract. 








SURGERY, GYNECOLOGY AND OBSTETRICS 


PANEL DISCUSSIONS FOR 
GYNECOLOGY AND OBSTETRICS 


Pain in the Right Lower Quadrant of the Female Abdomen. 

Urological Survey Before and After Gynecologic Surgery. 

Management of the Rh Negative Patient. 

The Present Status of the Vaginal Smear in Diagnosis of 
Malignancy. 

Diagnostic Procedure and Treatment of Nonmalignant 
Lesions Causing Bleeding. 


OPHTHALMOLOGY 

Program will include the following subjects: 

Problems Concerned with the Extraction of Complicated 
Cataracts (panel discussion). 

Surgical Correction of Motor Anomalies Involving the 
Extraocular Muscles (symposium). 

Orbital Implants (panel discussion). 

Causes of Failures in Ocular Surgical Procedures (sym- 
posium). 

Fallacies in Refraction by Use of Mechanical Refractors 
(panel discussion). 

Sympathetic Ophthalmia. 

Atomic Eye Injuries. 

Management of Intraocular Foreign Bodies. 

Treatment of Eye Burns. 


OTOLARYNGOLOGY 
Program will include the following subjects: 
Nasopharyngeal Fibromas (panel discussion). 
Teratological Lesions of the Head and Neck. 
Blood Substitutes. 
Mycotic Infections. 


Treatment of Hemangiomas. 

Modified Radical Mastoidectomy. 

Infectious Mononucleosis. 

Symposium on Re-evaluation of Antibiotics. 

Respiratory Obstructions in Infants, Including Atelectasis 
in the Newborn. 

Differential Diagnosis of Wheezing Respirations. 

Management of Respiratory Difficulty in Bulbar Poliomye- 
litis. 

Operating Room Emergencies (symposium). 


SPECIAL SYMPOSIA 


Important problems in the fields of trauma, cancer, and 
graduate training. 


FORUM ON FUNDAMENTAL 
SURGICAL PROBLEMS 


Research papers of special importance to surgeons. 


POSTGRADUATE COURSES 


Gynecology and Obstetrics. 

Management of Fractures. 

Nonmalignant Diseases of the Gastrointestinal Tract. 

Nutrition and Preoperative and Postoperative Care of the 
Surgical Patient. 

Surgical Aspects of Pulmonary Disease. 

Trauma of the Skull and Spine. 

Vascular Diseases. 


The programs of Ciné clinics, medical motion 
pictures, and color television will include surgical 
procedures of current interest. 
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iD DRESSING 


An important advance in wound therapy 


Aureomycin Dressing is an entirely new non-adherent dressing with 
antibiotic action having the following advantages: 


1. Broad-spectrum. It concentrates locally the antibiotic now recognized as the 
most versatile yet discovered with a wider range of activity against both Gram- 
positive and Gram-negative micro-organisms than any other remedy. 

2. Prevents infection. It suppresses growth of many organisms 
which might be present in the wound or later contaminate it. 

3. Non-adherent and non-macerating. Minimizes abrasion of healing wounds 
and avoids trapping of moisture conducive to bacterial growth. 

4. Promotes healing. When infection is controlled healing takes place faster. 


5. Non-toxic. Reactions to Aureomycin Dressing so far have not been observed. 


new AUYCOMYCIN PACKING 


For use wherever plain or chemically 
impregnated packing was formerly used. 


Description: 
Aureomycin Dressing is an 
8” x 12” gauze dressing of 
close mesh impregnated 
with 16 Gms. of 2% 
aureomycin hydrochloride 
ointment. 

Aureomycin Packing is 
double selvage-edge gauze, 
in 14” x 24”, 1° x 36” 

and 2” x 36” strips. 
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; Lapa 
500 cc. plasma (2 mg. per liter) 
1250 cc. 5% dextrose —_infused at sc. ce. whole blood 
100 drops/min. 


plasma 
1000 ce. 5 dextrose 





Clinical experience with Levophed has demonstrated 
the dramatic, often life-saving action of the drug. 


Levophed is indicated for the elevation and main- 
tenance of blood pressure during all stages of shock, 
including profound, advanced, prolonged and so- 
called “irreversible” shock, as well as other acute 
hypotensive states associated with surgical and non- 
surgical trauma, hemorrhage, disease and central 
vasomotor depression. 
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SUPPLIED: Levophed solution 1:1000 in ampuls 


of 4 cc. 


(boxes of 10), to be administered in 


1000 cc. of infusion fluid. 


Write for pamphlet giving a detailed 
discussion of clinical experience with 
Levophed and its manner of use. 
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reduces the postoperative hospital stay by 50% 


‘Dexedrine’ Sulfate, administered orally after surgery of the eye, ear, nose and 
results in earlier ambulation, shortens hospitalization and ‘hastens 


throat... i 
postoperative recovery,” according to a:recently published paper.'! Reporting on a 
series of 220 patients (mostly children, who ‘were given ‘Dexedrine’ in the ; 


delicious elixir form), the author states: 


1 “By mid-afternoon (only 6 or 7 hours after operation) patients 
were awake and active. 
2 “Postnarcotic dizziness and nausea were extremely rare,, sll postoperative 
depression was reduced. 
“Every patient was discharged from the hospital i in good condition 


the same day with no postoperative ‘hangover’. 
*‘No untoward side reactions to ‘Dexedrine’ were noted in any 


of [the] patients.’ 


Dexedrine* tablets & elixir. 


the antidepressant of choice Smith, Kline .& Frerich Leibeatelns Philadelphia 
1, Barnett, S.E.: Eye, Ear, Nose & Throat Monthly 39:19, *T. M. Reg. U. S. Pat. Off. for dextro-amphetamine nities, S.K.F 
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